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:j(54):™e:: NOVEL ANTLER-DER!^^ FACTORS 
(i^Ab^tra^ • ■ 

The present invention relates to the deyelopment of bone growth factors as therapeutics for the prevention and treatment of 
pathologicar conditions involving bone tissued the present invention provides biologically active proteinaceous factors compris- 
irig TOlypeptides containing the amino acid sequence M-A-G-L-G-D-E-F-G-D.iSEQ ID NO: 1], (X) F E T L F C A/V E D V 
1/p A L QF V G 0 bi (SEQ ID NO: 2t>ir ArVa* [SEQ ID NO: 3], or biological- 

ly; {fdiyefragme^^^ or scijuenc^ analogue thcr^^^ Among the biplogiqal properties of the proteinaceous materials of the present 
^iihycintion ts the caipability -to jprbmote.the growth; and/or differentiation of osteoblastic cells. 
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NOVEL ANTLER-DERIVED BONE GROWTH FACTORS 

Background of the Inventton 

Field of the Invention 



The present invention relates to the development of bone growth factors 
as therapeutics for the preveihtion and treatment of pathological conditions 
15 ihvoivihg bone tissue, for exampie osteoporosis, Paget's disease, 

osteolDetrosis. fractiiie repair, periodontal disease and healing of bone defects, 
the factors of the present invention may also be useful for promoting wound 
healirfge^^ 

20 Llylhg bone tissue is continuously being replenished by the process of 

resorption and deposit^^^^^ This process, termed the 

resorptlph-fomifitlQ^^^ facilitated prirnarlly by two cell types, the 

o^teobla^f&arici^ The osteoclast is a multinucleated cell (a ceil 

with rripre tf^n one^^^ and is the only cell in the body known to have the 

25 . ca^adii^ tp deg^^ This resori^tion activity is accomplished 

; ^ by the <^^^ iacuhae) in bone tissue, and. In fact, 

. c^tepbla^ actiy^^^^^ by their capacity to form these pits 

on slices (if miriera tissue such as bone or sperm whale dentine, the 
bstepclast Is derived frohi^ a^^^^ 

3p> fontied elemeritiE^ 6f^^^^^ & Rpoditian (1937) Osteoclast ontogeny 

and fuhctiori. in Bbne:^nd Mlherai Research V : 209-280. (ed. Peck) Elsevier). 
T^e prw^^ a monPhuclear cell (cell with a single 

niicleus^^ is ;fountl In the bone marrow and which forms the mature and 
unique m uhlnucleated: pste^^ undergoing replication and 

35 X. differentiation by m^ cell fusion- The mature osteoclast is distiriguished 
from pther multinucileafed cells by the presence of the enzyme tartrate-resistant 
acid phosphatase; (TRAP) which is often iiised as.an osteoclast cell marker. 
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Among the pathological conditions associated with an abnormal 
osteoclast development or function are conditions wherein increased bone 
resorption results in the development of fragile and/or brittle borie structure, 
such as osteoporosis, or increased bone formation results in the development 
of excess bone mass, such as osteopetrosis. It is believed that the 
development of excess oK deficient populations of osteoclasts or osteoblasts 
may result from a corresponding lack or excess of specific protein factors called 
cytokines. 

Reported Developments 



Cytokines have: been identified by their biological characteristics and 

their unique amino acid sequences and each cytokine presents a unique 
1,5 spectrum of characteristic^ utilized to d|stinguish^i^^ other cytokines. In 
^ general, the cytokines stiinuiate the growth and/or differentiation of specific 
^^^^^^^^^ and some of themcah also target cancerous cells for destruction. 

Exarfipies of such'q^okirijBs include grahulocyte-colony-stimulating factor (G- 
: CSF), granutocyte-ma^ macrophage CSF (M-CSF), 

20 interleukin-1 beta, ihterleukin-3, interleuW interferon-gamma,. tumor 

hebrbsis factor, iyrriphptdxini leukemia inhibitory factor, and transforming 

growth factorralpha^ ^V 

Many of the krioWn Cytokines st^^ blood cells. Several 

^•5. . gr6\^h regulatory cjrtoW sUch ais M^CSF, transforming growth factor alpha. 
' irit^rle^ shown to stimulate marrow 

mphonubiear cbil prbi^^ such as interleukin-1 (IL-1), 

■■\ tumor necrosis fectbi^^ ihterleuWh-6 (IL-6) may: influence osteoclast 

: fprmation and differentiation (Mundy (1990) Trends Endo. Metab. 1: 307-311). 
30 these factors are not sfjepKic osteoclast growth regulatory tectors. 

; Although thei:ii is rritich Iriforrnatioh ayaiial)le on the factors which 
influence the breakdpw resorption of bone, infonnation is more limited on 
fabtors which can abtually stimulate the> formation of new bone. Bone itself has 
• 35 . .been found to contain factors which have the capacity for stimulating the 
;,. groiflrth and/or diffefe^^^^^ bf bone cells. Thus, extracts of bone tissue 
. contain not pnly structural proteins which are responsible for maintaining the 
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Structural integrity of bone, but also biologically active bone growth factors 
which stimulate bone cells to proliferate. Among the known factors which 
stimulate proliferation of bone cells are transforming growth factor B, the 
heparin binding growth factors (acidic and basic fibroblast growth factor), the 
5 insulin-like growth factors (insulin-like growth factor I and insulin-like growth 
factor II) and a recently described family of proteins called bone morphogenetic 
proteins. These factors also cause proliferation of non-bone cell types. 

The growth of deer antler represents a special type of bone fonnatlon 
10 known as endochondral bone formation. The deer antler represents the most 
rapidly growing form of bone In mammalian tissues. This growth Is similar to 
that whjch occurs In tohg bone shafts of vertebrates during adolescence and to 
bone growth which is responsible for the repair of bone injuries following 
fracture. However! the factors responsible for controlling antler growth like 
15 those controtiirig bone growth In other vertebrates have not been identified or 
characterized.. 



The present invention relates to the isolation of biologically active 
polypeptides from d^r $htler tisi5ue and characterization of thes 
20 polypeptides. The bibiogicara^^ 
cellular pr^oliferation ahd/pr differeint 

.Qummarv of tha Invention 

^ ! ^ ^ ^^5 llie piBserit inyeh^^ active proteinaceous factors 

pcirtiprislnig pplvpeiptictek iw^^ the dmiho acid sequence M-A-G-L-G-D-E- 

S ; :i ; F^P ISEQ VI/DALQFVCGD [SEQ ID 

NOf 21. or A-Y-i-W^iS^y^ [SEQ ID Na 3] or 
i- biologically adtive fragments or sequence analogues thereof. Among the 

^-^ ■-\..f:^20r biplogical prppiarties bl^^^ of the present invention is 

S £ ; > f t " V th^ ceM5abiii^^^ and/pf differentiattonof osteoblastic cells. 

The present inyehtion provides pi-pteinacious factors which are purified 
^ froih antler: tissue utilizirt^ the Isblation tiebhniques described hereinbelow and 

.. 35 which are useful in tHe treatment of bone diseases characterized by abnonmal 
osteoblast function such as osteoporosis. Antibodies which bind to the 
proteinaceous factors 6f this invention are useful for (1) the treatment of 
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diseases where there is over-growth of bone such as osteopetrosis, and (2) as 
reagents in assays, which measure quantitatively and/or qualitatively the 
presence and amount of said factors, and which assays are useful In the 
clinical diagnosis, assessment and monitoring treatment efficacy of those 
5 diseases in which abnomial production of said factors occurs. 

aher and further objects, features and advantages will be apparent from 
the following description of the preferred embodiments of the invention given 
for the purpose of disclosure when taken in conjunction with the following 
10 drawings. 

Brief Description of the Figures 

Figures 1a and lb describe the heparin Sepharose chromatography 
16 elutipri profiles of OT-1 and proliferative activity of EDTA-extracted antler 
preparations on MG-63 ceils. 

Figure 2 describe the proliferatlvie activity of OT-1 on MG-63 cells after 

^^^^^^ V 

■ ; iFlgure^a describe the elution profile of OT-1 after chromatography on a 

^^^^^^ . ; C^^^^ 

Figiire 4 describies^t^^^^^ SepharcKse chromatography elution 
^ 215 : p^ tiells. 

:i FigUre^^ OT-2 on MG-63 cells after 

repeating heparin $^ 

30 Figure^e 

Sephecryl Si 00 chrOirnatography; 

Figure 7 despritjes the prplife^^^ of OT-2 on C433 cells after 

: r..:. Septiacryj SlOO^jhr^^^^ 

■.•:^35-' [.■'' " "' t • • yy-Tt\':\'-<^ ;4'^;:';.-- 

j=igiire e.d^scrltjes the proliferative a^ of OT-2 on 0433 cells after 
• cinrbmatography on a d^lB reverse phase HPLC column. 
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Figure 9 describes tlie proliferative activity of OT-2 on C433 cells after 
chromatography on a C4 reverse phase HPLC column. 

5 Figure 10 describes proliferative activity of OT-2 on C433 cells after 

repeating the chromatography on a C4 reverse phase HPLC column. 

Figure 1 1 describes the proHferative activity of OT-2 after 
chromatography on a 08 reverse phase HPLC column. 

10 

Figure 12 describes the absortjance profile of OT-2 after 
chromatography ori a 08 reverse phsise HPLC column of fractions represented 
In Figure 11. 

15 Figure 13 descrit>es the proliferative activity OT-3 on MC3T3 cells after 

heparin Sepharose chrorriatography. 

Figure 14 describes ttie proliferiatlve activity of OT-3 on MC3T3 cells 
afteir Sephacryl 81 00 chrornatography. 

:-20 ■ ; ;■ 

i=igura 15 descllbes the proliferiative activity OT-3 on MC3T3 cells after 
Heparin Siepharose^chromafogr^^ 

Figure 16 describes the prolifer 
25 after chrom^tdgraiphy; on ^^^^^ reverse phasei HPLC column. 

Figure 17 desbrib^ ihe prollferati^^^ activity of pT-5 on MC3T3 cells 
after chromatography on a C4 reverse phase HPLC column. 

30 Figure 18 describeis the proliferative actiyrty of the bound fraction of OT-4 

op C433 cells assayed at 1:2 seri heparin Sepharose 

c^^ 

Figure 19 describes the proliferative activity of OT-4 which migrated with 
35 fractions corresponding tb MW of approximately 70,000 and approximately 6- 
7000 daltoris after Sephacryl S100 chromatography. 



ii 
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Figure 20 describes the proliferative activity of tlie 6.000 dalton OT-4 
after ciiromatography on SP Sepliadex C50 column. 

Figure 21 describes the proliferative activity of the 6.000 dalton OT-4 
5 after further chromatography on a IGF-BPs affinity column. 

Figure 22 describes the proliferative activity of the 6,000 dalton OT-4 
after further chromatography on a C4 reverse phase HPLG column. 

1 0 Figure 23 describes the proliferative activity and absorbance profile of 

the 6,000 dalton OT-4 resulting from the fraction eluted in about 58 minutes 
after chromatography on a 04 reverse phase HPLG. 

Figure 24 describes the effect of injecting 40 |il of a 25 mg/ml solution of 
1 5 tTOvine serum albumin once a day for 7 days over the calvaria of 5 weeic old 
mice. 

Figure 25 describes the effect of injecting 40 ^1 of a 25 mg/ml 
suspensidn of liie water Insoluble urea soluble deer antler extract once a day 
20 for 7 dayis qver the calvaria of 5 week old mice. 

Figure 26 describes the heparin Sepharose chromatography elutlon 
profiles of IGF-I and proliferative activity of EDTA-extracted antler preparations 
on C433 cells. ; 

■25 ^; V- ' 

Figure 27 describes the proliferative activity of IGF-I on C433 cells after 
Syhchropak yo<-300. this figui-e is representative of five other column runs 
either on AX-300 or DEAE Sephacei. 

30 ::■ Figure 28 describes the proliferative activity of IGF-I oh 0433 cells after 
chromatography on a g4 reverse phase HPLO column. 

Figure 29 despribes the absorbance profile of IG^ 
chromatography on a Q8 reverse phase HPLO column of fraction 52 shown in 
35 Figure 28. 



Figure 30 describes the SP-Sephadex 050 elution profiles of deer IGF-II 
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and proliferative activity of acid-treated deer antler serum on C433 cells. 

Figure 31 describes the proliferative activity of deer IQF-II on C433 cells 
after Sephacryl SI 00 chromatography. 

5 

Figure 32 describes the proliferative activity of deer IGF-II on C433 cells 
after Synchropak AX-3bO chromatography. 

Figure 33 describes the proliferative activity of deer IGF-II on C433 cells 
10 after chromatography on Mono-S FPLC column. 

Figure 34 describes the proliferative activity of deer IGF-II on C433 cells 
and absorbance profile aftei" chromatography on a CIS reverse phase HPLC 
column. 



15 



Description o f the Preferred Embodiments 



The present invention also provides biologically active proteinaoeous 
bone growth factors in sutetantialiy homogeneous form by means of 

20 biochemical purificaition from antler tissue. The invention encompasses these 
haturali^ occurring bone growth factors in partially purified as well as 
substahtially horribgeheoiis form, as well as synthetically produced bone,^ 
growrth factdrs/biptogicaliy actiye^f^ arid pharmaceuticaHy 

^ acceptable salts arid^eri^^^ 

"Substantially purlfled^^^ as "substantially homogeneous" 

is defined as a proteinaoeous materia which is substantially free of 
compounds nomialiy Associated with It ifi its natural state (e.g., other proteins 
or peptides, carbohydrateis, lipids). Most preferably, it means a polypeptide 
30 , which may be glycosylaited qr nQn-glycpsylated and which Is characterizable 
- by a sirigle molecular, weight an^^^^ set of molecular weights, 
. chromatographic response a^^ composition and 

sequence arid bio!ojgfcal|activity. "Sub^teintfeiiiy purified" is not meant to 
exclude artificial or synthfem The temrj Is also 

35 not rneant to exclude the presence of Impurities which do not Interfere with 
biblogieal activity, arid virffiich may be presen^^^ due to incomplete 

purificatibn or cprrippuridirtg with a pharrriaceuticaliy acceptable preparation. 



19085 W ;i 13 22 19 ™ PCr/US93/02435 

8 



The term "biologically active polypieptide" means naturally occurring 
polypeptide per se. as well as biologically active analogues thereof, including 
synthetically produced polypeptides and analogues thereof, as well as natural 
and pharmaceutically acceptable salts and pharmaceutically acceptable 
derivatives thereof. . 

The term biologically active polypeptide also encompasses biologically 
active fragments therdbf. as well as biologically active sequence analogues 
thereof. Differenifpnns liiay exist in nature, tliese variations may be 



The term "biplpgically active sequence analogue" Includes non-naturally 
occurring inaloguieVh^^^ or multiple arnino acid sgbstitutions, 

deletions; additlpns,^d^ repliaicernenis: Ail such allelic variations, modifications, 
and ana^ or more of the native 

ibioloigii^ll^^ includediiwjthin the sicope of this invention. 

groups of 

the polypeptide or^ protein chain and/td ii^^ amino groups of 

Jnofgariic pi^^^ perse. Inorganic salts 

; iri^ii|d<i^p||>^^ ferric or zinc saHs, and th& 

Ike^^^it^p with amines;:: 

^such|/^ll|rll|^ caffeine, procaine and tilei 

. like. Acid addition salts Jhd^^ for exam^te. saH^^ acids such as, 

'^6r liocar^^ with organic acids 

SMch ias; for exai^pfe^^^ 



fjbQlu groups, by means 

; l<;no^ as they remain 

ii^iag^ • ; ^ 

: z :;^^ the invention are 

those whibh are ^t^^^^ acceptable, i.e., those which 
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do not eliminate the biologic or immunogenic activity. Therapeutically useful 
salts and derivatives are further non-toxic to the human or other animal patient 
in the appropriate dosage utilized in treatment. 

5 The term "specific activity" refers to the activity in assays described In 

this application and other assays known In the art that measure proliferative 
activity of osteoblast arid osliebblast-like cells. This term is related to the 
amount of biologically active protein by weight In a sample and more precisely 
understood to be a measure of purity of active proteinAotal sample protein 

10 calculated without considering the presence of intentionally added protein 

materials such as albumin. The measurennient of ope of the biological activities 
of the proteinaceous f actors of the present invention is described in the assay 
procedure of Example 1. 



15 The biologically active proteinaceous factors of the present Invention 

Xher^iriaifter also refeirSd tbas "OTs" 07^1 . 2, and 3 were 

'^k:.:^:^ i^lated^^^fr^ the biologically active 

: ' ^roteihacabus fa(HOF^^^ medium In which 

terlahtler cells wei:e i^ultured. QT-2 (or Ahtlerih-2) and OT-4 (or Antlerin-4). 

20 haive been characterized as. having mpieculjar wielghts of about 6 kd to about 
7kd: j^^^ the deer^onr^^^^ IGF-I and IGF-II have been 

EachOT has beeh purified to hornpgeneity. OT-1. OT-2 and OT-3 are 
25 characterized by haiyirig nidieculair weights of less than 50,000 daltons and 

: ; have been pbrti^ fomi. OT-4 is 

: ^^y chiaria^ from about 5000 daltons to 

■\ ibout i5d6o daltphs: ■ •■ ^5 v^<- '-'-^'^ 

■r3p;.^:v":i, / The OTs are di$t|nd:f rbrii known tjprie growth factors which have been 
; s V $hpv^ hurhan borte cells. The partial amino acid 

^••;.y-r^-|sequehceis of the polypeptide^ 
■ K further detail hereinbelow. 

• : ;: : Although the of these polypeptides shows partial 

: 36^: .fr of human, bovine and rodent 

i^^' .^liec frbm liCaF-l and other known bone growth 

-factors: ■■' 
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The N-terminal sequence analysis of OT-1, OT-2, and OT-4 is provided 
herein. Purification of OT-1, OT-2 and OT-3 is achieved by a affinity 
chromatography, gel permeation chromatography and reverse phase 
chromatography. The affinity chromatography matrices comprise heparin 
Sepharose matrices, binding proteins coupled to matrices and specific 
antibodies coupled to solid matrices, the gel permeation matrices are 
selected from Sephacryl S-100 and BP 3ephadex C50. High pressure liquid 
chromatography (HPjLC) is performetd using C4, Qe. Cs and C18 HPLC resins. 

. The Isoiatlon bf pgrified OT-i is achieved by the sequential use of EDTA 
extraction of deer antlei* ti^sud; affinity chromatography on heparin Sepharose 
reslh, gel permieatlbn ciirorna^ on Sephacryl S-100 resin and HPLC 

chrornatography sequentially on C18 and Cs resins. 

Jihe isolation of purlfle^^ 0T-2 Is achieved by the sequential use of EDTA 
extraction Of deer ia^^^^ on heparin Sepharose 

resln^ 061 p^ on Sephacryl S-tbo resin and HPLC on 

. Ci8rC4, and'Ce ;reis^h^^^^ 

iiie isp^^^^ OT-3 is achieved sirriilarly by affinity 

: chromiEitpgraph^^^ pn liiepkrin^^^^^^ gel permeation chromatography on 

;$ephacryi;;S^^ oh^ Pi 8 iand 1C4 resins. ' 

V :^ use of 

ji|epaHn;^ie|lisi^^ SP 

; SephaS^(i|K^ affinity cliromatbgriaphy and C4 high 
^tierfc)^r^^^ 

. Under suit^ procedures may be 
earri^dj?^ bore column pbntalriing a fine particle resin 

^uh<ter in^^ i.e., by 
\higb pres^^ 

. Cpncentratibrt^ cpmrnonly iisedipr^cursors to 

. certain vchrornato^ employed In the invention. 



lift' V \ '■ 2 ^1% 
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Salt removal is generally necessary If ion exchange or other techniques 
which depend on total ionic strength are employed. Salt removal may be 
perfomied by, for example, dialysis or gel filtration or by control pore glass 
(CPG) chromatography. 



10 
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A number of gel filtration and concentration techniques are also used. 
Certain commercially available rhaterials are especially useful. Sephacryl. 
Sephadex, and Bio-Get are examples of gel filtration media commonly used to 
isolate and purify proteins and characterize their properties. 

Detectably labelling of homogeneous OT and the monoclonal 
antibodies thereto of the present invention is performed with a radiolabel, an 
enzyme label, or a fluorescent label. Preferably, the purified OTs are labelled 
with 1251 using the Bolton/Hunter reagent which involves succinylation of free N- 
tenminal amino acidis and lysine. See, for example. Chard, An introduction To 
Radioimmun oassay And Related Techniques. North-Holland Publishing Co., 
Amsterdam-NY-Oxford (1978), The Enzvme -Linked Immunoadsorbant Assay 
XELiSAi by Voller. A., MjL Dyhatech Europe Borough House, Rue du Pre, 
Guernsey. Great Britain, and Radiolodination Techniques Review 18, 
Amersham Corporation, by A.E. Bolton, ail herein incorporated by reference. 

Another aspect of the present inverition relates to monoclonal and^,^ 
poiyplpnal antibodies to OTs, their fragments and/or their antigenic epitopes, 
artd their therapeutic, diaignostic assay, and treatment monitoring assay uses. 
The artti-pT antibodies are useful in the diagnosis and monitoring of diseases 
where osteoblast function is altered^ such as osteoporosis. A further aspect of 
the present invention relates to the antibody antagonists to OT which are 
capable of neutralizihg OT biological activity, and the therapeutical use thereof. 
Antibodies against one of more of the proteinaceous factors of the present 
invention can be utilized.td block the binding of ligands thereto and to target 
drugs or other agents (such as labels) to the ddlls expressing these factors. 

. Arlti-OT rhohocional antibodies may be prepared using the method of 
:M\shB\\, B B.. fit al:. SQiected Methdds In Giallular Immunoloov. (W.H. Freeman, 
ed.) San Francisco (1980), herein incorporated by reference. 



The invention, also encompasses compositions comprising OT, such as 
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pharmaceutical and diagnostic compositions, and methods of using these 
factors in treatment and diagnosis of bone proliferative disorders. Several of 
the biologically active proteinaceous factors of the present invention, such as 
the OT factors described herein, stimulate the growth of human cells with the 
osteoblast phenotype. In one embodiment, the present invention provides a 
proteinaceous groyvth factor which stimulates proliferation of human C433 
stromal cells and human MG-63 osteosarcoma ceils, and which therefore is 
believed to be useful in the treatment of human and animal disorders 
characterized by an abnonrially reduced level of osteoblastic cell proliferation. 



Administration of the proteinaceous factors of the present invention may 
be by parenteral, intravenous, intramuscular, subcutaneous, rectal or any other 
suitable means, the dosage administered may t>e dependent upon the age, 
weight, kind of concun^ent treatment, if any, and nature of the bone pathology 
15 being treiated. 

The biologically active prpti^^^^ 
useful in the therapeutic the present inventtoh may be employed in 

such Wms as liqujdisolutiphs, suspensions, elixire^ or sterile liquid fomris such 
20^ : sterile 
aquaous midja art^^^^ solvents. The compositions may 

be fbntiulated in th& foirti of powders, aqueous suspensions, or solutions, 
injectabte splutlonsi eli^^^^^ and the IIKe and may contain one or more 
staiblliaation a^ albumin, sugar or amino acid, 

25 in order to provide a pharmaceutically 

preferably used, such as saline, or 
. phosphate-buffered salinet, or any such carrier in Mrhi^^ the factors used in the 
rnethbd of the pi-iEi^^^^^^^^ solubility properties for use in 

the method of the pra^ent inyentiori. 

v ilT!!9^p«artic^ compound to canrier are 

;d©t0rrhlned by thej kllUb^ chemical properties of the proteinaceous 
: ;fadtprs;^t^^ particijiaj-'mip^^^^^^^ admiriistration arid standard pharmaceutical 
■ x:: ,: p^ splutipns or suspensions of tliese factors 

: 35 in aqu^uis alcphdiic^mi^^^^ or peanut oil of aqueous solutions of 

' . the sblubie ph'airh.ac^utii^lly acc^ptab^^^^ can be employed. 
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The dosage regimen in carrying out the methodsas of this invention is that 
which insures maximum therapeutic response until imnmprovement Is obtained 
and thereafter the minimum effective level which givesirs relief. Doses may vary, 
depending on the age, severity, body weight and other=er conditions of the 
5 patients but are ordinarily in the area of about 0.1 mg/kcyKg to about 500 mg/l<g, 
preferably about 1 mg/kg to about 250 mg/kg, and mosost preferably about 5 
mg/kg to about 100 mg^g of body weight in injectable is iom; such may, of 
course, be given In divided doses. With other forms of of administration 
equivalent or adjusted doses will be administered depe3ending on the route of 
10 administration. 



The following examples describe the ispiation, p:ipurification and 
measurernent of biological activity of the proteinaceousijs factors and antibodies 
of tlie present inventioii and are not intended to be liminniting unless so expressly . 
15 stated. 

Example 1 
: Assay for PiQtoflioal Activity 

20 The proliferative effects of OT on MG-63 human cn osteosarcoma cells and 

C433 human Stromal cells is assessed by measuring tn-me incorporation of 
tritiated thymidine Into cellular 

MGr63 0uHlan osteos^ cells, obtained fronr/m the American Type 
25 Culture C6llection (ROclc^ in Eagissie's minimum essential 

medium ;(EMEM);^y^^ — serum (FBS). MC-3T3EI 

mouse bstebfaliiste. pi'oyided (Showa Un_»niversity, Tokyo), are 

cultured in alpha rhbdHicatlbn of Eagle's medium (aMEHEM) supplemented with 
10% FBS. C433 cells, a stromal cell line derived from u a human giant cell tumor 
30 of bone,; are cultured in Iscbve's modified Dulbecco's rr. ^nedium (IMDM) 
supplemented With^:^ All cultures are maintainsned at 37°C, in a 

. humidified atmosphere of 5% C^ in a|r. 

■ C433 cells are seeded at 2x1 64 cells/50 ^l/we m 96 well plates in 

35 serum free IMDM containing Q.I % B^ Fiifty ^I/well of rr a sample of OT in 
DMEM/F12 50/50,(y/v) medium containing 0.1% BSA is -s added to each test 
wells. MG-63 and MdSTa are seeded at: 5x1 0^ cells/1 c ; 00 )xl/weii in 96 well 
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plates in 10% FBS EMEM or oMEM respectively. After incubation for 
approximately 18-24 hours, the cells are washed with 200 jil/well of phosphate 
buffered saline (PBS), re-fed with 50 nl/well of serum free 0.1% BSA in EMEM 
or aMEM and 50 |il/well of a samplb of OT diluted in 0.1% BSA in DMEM/F12 is 
5 added. Baseline controls (50 iil/well of 0.1 % BSA in DMEM/F12 50/50) as well 
as positive controls (50 jil/well of 20% FBS in DMEM/F12 50/50) are mn in 
each plate in paraljel with the test sample. MjouI AA hours after the addition of 
the sample and controls, the cells are pulsed with iM-Ci/well of [methyl ^HJ 
thymidine for 4 hours. After 4 hours, the cells are collected and rinsed on fitter 
1 0 paper discs using sl PHD^cell harvester (Cambridge Technology, Watertown, 
MA). The radioactivity retained by the filters is measured as cpm using a liquid 
scintillation counter (Beckman, Fullerton, CA). . 
■ . ■ " •■•'.;;v ' ■' .\ . 

The proliferative activity qf each sample (run in duplicate) is expressed 
15 as percentage of iheistlmuiatiph of Incorporation of thymidine caused by the 
positive control, :by M$ing the fprrriuid: , 

cpm^sarhpl&v cpm baseline control 
cpm positiye cphtrpl - cpm baseline control 

/ ^^0 The knoyira bbn^derl^^^^^^ PDGF, acidic and baste 

: FGF, I6F-Iv IGI^l|)i?timul^ ir^corporatjon in MG-63 cells. IGF-I and 

c iGF^ij have al^^ tc>' stimulate thymidine incorporation in C433 

# ■ t ] ^ : ^ anji (|t-4^ trt^^ of which are described 

V ^ > h^reiribelovv, st|rou 

• 'r''^^.V Example 2 

J ' j^feolatibn^^ 

1 .5 antlers frorn male red deer are obtained during the growing season 
30 and immediately frozeh in dry |ce^^^ with a scalpel. The 

: • C veiv^^^^^ (Zone A);i.s liBi^^rai^d .frd^^^^ tissye. The hard tissue (Zone B) is 

cut with a sa^ crushed inside asteel cylinder 

u3ihg a harnmer^ with a coffee grinder. 

; 35 4a,8 g ofttiardjtissue-are extraptesd (1 :2.5 w/v) by stirring at 4*»C for 72 

hours iii . 125 mij6f^e)dfkct|on buffer containing 0;5 M EDTA, 20 mM Tris, 25 mM 
benzamidiriei, i jig/ftjj leupeptin. .1 jniyi P in 100% isopropanol). 
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adjusted to a final pH o1 7.0. After 72 hours, the extract is centrifuged at 6000 
rpm for 20 min at 4*'C. The supernatant is rernoved and frozen at -70''C. 

A second extraction of the pellet Is performed by adding 250 ml of fresh 
5 extraction buffer to the piBllet and stirring the mixture at 4°C for another 24 
hours. After this period, the extract Is centrifuged at 6000 rpm for 20 mIn at 4*'C, 
supematants from the first and second extractions are combined and 
centrifuged at high speed at 15.000 g for 1 hr at 4**C. 

10 The supernatant is removed, and dialyzed against 50 mM ammonium 

bicarbonate, lypholized and reconstituted in 200 ml 10 mM Tris, 0.1 M NaCI, 
pl-l 7.0. Protein concentration is determined by the absorbance at 280 and 260 
».y ■ mm. 

15 A 4.8 x 30 cm column is packed with heparin Sepharose CL-6B and 

equilibrated with a buffer containing 0.1 M NaCI, 10 mM Tris HCI, pH 7. The 
final extract (approx. 200 ml of hard tissue extract) is applied to the column. 
The column Is washed with the same buffer and a linear gradient from 0.1-3.0 
M NaCI In 10 mM Tris HCI, pH 7. is applied. Twelve ml fractions are collected 

20 Aliquots of each fraction are assayed in the MG-63 proliferative assay. Figure 
ia describes that active fractions eluted at approximately 0.3M NaCI. These 
fractions (17-22) arei pooled, dialyzed against 0.1 M NaCI, 10 mM Tris HCI, pH 
• 7. and reapplied to the saime column. Active fractions (1-38) (Figure lb) eluting 
at 0.1 M NaCI are pooled, dialyzed In 50 mM ammonium bicarbonate, 

25 lyophllized, reconstituted in 200 mM NH4HCO3 and applied to a Sephacryl S- 
100 column. Five rhi fratctions are collected and aliquots of each fraction are 
assayed on MG-63 bells for proliferative activity. The results are described in 
Figure 2. The actlviB fractions had an apparent molecular weight of less than 
about 20 kD. Fractions 19-28 are pooled, lyophllized and reconstituted in 1 ml 

30 0.1% TFA. 

HPLC chromatography is performed using CI 8 RP HPLC (1 0 x 250 cm) 
with a gradient of G.1% TFA (buffer A) and 0.1% TFA^0% acetonltrile (buffer B) 
ataflowrateof2rhl/min. . . 

■ ■. 35 ■ '. ■ 

The fractions eluting at 37% acetonltrile Stimulated proliferation of MG- 
63 and C433 cells. Friactions having this activity (32-33) are re- 
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. chromatographed on a C8 reverse phase HPLC column and fractions are 
collected by hand (Figure 3). 

The partial arnino acid sequence of fraction 17 is determined to be 
5 M-A-G-L-6-D-E-F-G-P iSEQ ID NO: 1], and comprises the partial amino acid 
sequence of the proteinacedus factor referred to herein as OT-1 . 

Example 3 
Isolation of OT -g from Deer Antler Tissue 

xo ... , 

Seven antlers are obtained from: ^^^^ 
the gipwiriig season and immediately frozen in dry Ice. The fur is removed with 
>/r - ^ sbklpel. Antlers eilre ihsWiBd to remove the velvet (zone A) and then 

jmmedlately frozen in liquid nitrogen. The hard tissue (zone B) is cut with a 
15 saw Ihto smaller j^ecesi (ajiprox, 1 to 1 .5 Inches lorig). The tissue Is crushed 

Ihsid0 a steel cylir^ a hamrher and pulverized In a small coffee 

^ g^^^^ liquid nitrogen. The total weight 

: ofZpheA(velvet];:and6f g and 506.1 g. 

•.. -r^pectiyely. ' {■ 

v^v^ ;.. . ^ 'r: '■■/;':'. . ' / 

Th6 hard tissu# is extracted (1 :2.5 w/v) by stin-Ing at 4°C for 48 hours in 
/; ^ :^ }i 1250 rt>l^^radi(5^^ EDTA* 2arnM Trls, 25 mM 

> benzarrildirtei 1 M|rtTf)jl^yp6pt|ri^ In Isopropanol, 

l6p hours, the extract is centrlfuged at 

V 25 ; eppo rjirni^for the sUFfernataipt Is rerhoved and frozen at -70*t5. 

:/\ s^qbhd 500 ml of fresh 

^ : ;e^^^ for another 48 

. hours: ;Aft9r this petriod^ih^^ centrifuged at 6000 rpm for 20 min at 4*'C, 

30 supematants frorp th0 first ?ind second e^rtra^^ are combined and 
7 ;^ lat higif splf^ at^5;00p hr at4*C. 

Th^ superhatantis re against 10 mM Tris, 0.1 M 

• : N Protein conpentratioh is cjeterrnined by the absorbance at 280 

35 arid 260 rnrri; The dialys^^^ 4.61 and contained 44.2 g of 

. total; prote^^^ 
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Example 3A 
Purification of the Biological Activity of QT-2 

A 4.8 X 30 cm column is packed with 308 ml of heparin Sepharose CL- 
5 6B and equilibrated with a buffer comprising 0.1 M NaCI, 10 mM Tris HCI. pH 7. 
The final dialysate (4.6 1 of hard tissue extract) of Example 3 containing OT-2 is 
applied to the column. The column Is then washed with 1.5 1 of buffer 
comprising 0.1 M NaCI, 10 mM Tris HCI, pH 7. at a flow rate is 150 ml/hr. 
Twelve ml fractions are collected. The unbound material is collected for further 
1 0 chromatography. The bound material is eluted with a linear gradient from 
about 0.1 to about 3 M NaCI in 10 mM Tris HCI, pH 7.0. The column is then 
washed with 4 M NiaQI wash. Aliquots of each fraction are assayed for 
* proliferative activity on MG-63 cells (Fig 4 ). The activity of each fraction is 
compared to that of 10% fetal bovine serum (FBS). One hundred units (100u) 
15 is defined as the proliferative activity equivalent to 10% FBS. The specific 
activity of OT-2 at this stage of the isolation is 51 U/mg. 

The unbound itiaterial is extensively dialyzed against 50 mM NH4HCO3, 
lypphilized, reconstituted in 630 ml of 0.1 M NaCI, 10 mM Tris HCi. pH 7 and 

20 reapplied fo the same column, then washed with 41 of same buffer at 150 ml/hr 
flow rate. The bpuhd rnateriai Is eluted with a 2 1 linear gradient from 0.1 to 3 M 
N^CI, followed by a 4 lyi NaCI wash in the sarne buffer. Fraction volume is 12.5 
ml. Three hundrisd III of 4 consecutive fractions are pooled, added to 120 ^1 of 
1% BSA. dialyzed In 3^^5 kD mw cut-off membranes versus 101 PBSfor24 

25 ; hours arid two changes bf S | of pMEM/F12 media for 36 hours. The samples 
ar^e then sterilized through 0.2 jim membrane filters and assayed on MG-63 
cells for piroliferatlvd activity. ; 

Figure 5 describes the elution profile of the second heparin Sepharose 
' 30 column and the results of the proliferation assay. The fractions containing the 
peak of biological activity (fractions 360 to 470), eluting at about 0.9 M NaCI, 
are pboled and protein content assessed by reading, absortjarice at 280 and 
260 rim. The total Volume after pooling the fractions is 10DO ml with total 
protein of 61 rng. the specific activity of bT-2 at this stage of the isolation is 
35 5408 U/mg. 



The pooled fractions are dialyzed against 50 mM NH4HCO3, lyophilized. 
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reconstituted in 15 ml of 50 mM NH4KCO3 applied to a 2.5 x 100 cm column 
packed with Sepliacryl SI 00, and eluted witii 730 ml of 50 mM NH4HCO3. 
The fraction volume is 9.1 ml. The protein content is assessed by reading 
absorfc>ance at 230 nm. Figure 6 describes the elution profile and proliferative 
5 activity on MG-63 cells: the elution position of molecular weight standards 
from the Sephacryl SI GO columri is also ishoyvn in Fig 6. 50 |xl of 1% BSA are 
added to 500 hI of eac^ fraction. The fraiBtions are then iyophfiized and 
reoortsitituted in 500 of DMEM/F12 media. After sterilization through 0.2 \im 
membrane fitters, the samples are assayed for proliferative activity on C433 
10 (Fig. 7) cells. Fractions 39-44 which exhibited proliferative activity in both MG- 
63 and Q433 cells, but not MC3T3 celts, are pooled. The specific activity of OT- 
2 at this stage of the isoteition is 37,600 U/mg. . 

HPLC chromatograiphy is performed using a reverse phase CIS column 
15 (10 X 250 cm) eluted with a gra 

acetonitrile at a fbw rate of 2 rh|/mh. The absprbance at 220 nm is monitored. 
' To rrieiasure the biological activity in HPLC fractions, an aliquot of the fraction is 
/ typp the p|-es^nce :of carrier BSA (1 %) and reconstituted in 

5(^50 mediumV Stimulat^^^ prblKeration in C433 cells and MG- 
JZO^;^^^ £^etonltrile. The 

: activity on C433 ceilS: js d^^ Figure 8. Three tenths percent of the 

fractions i^ used to assay^^^^^^^^ proliferative activity of the eluant. The specific 
: ; activity of;0^^ 

r 25^^ ' Fractions eliitlhg fr^ at 29% acetonitrile which 

: stirnu^^ and MG-63 cells are applied to a C4 

' ' revei^e ^hase; HPIlS^ x 150 mm): Elution is performed with a 

gradient^ flow rate of 0.15 

rnl/min. The.absoitoahce is mohitbred^^a^ iSeyen percent of each 

' 30 : fraction is used tb essay biologicai aotivity; The biploglcal activity eluted at 
;;^r/: 134*^^ recpmbinant IGF-I eiuted at 

; V33^ aicietonitnle fibm;|rtis cplu activity of OT-2 at ttiis stage of 

- ti^ isdljrticwi is^^^ i 

■■■ ■'■35: After re-chrbrhatbg|raphy of 34 % acetonitrile eiuate on a second C4 

= : reverse phase HPLC cp^ activity again eluted in the same 

position (Figure 10); : The spTO^^^ at this stage of the isolation is 
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8.2 X 107 U/mg. This biological activity is re-chromatograplied on a C8 reverse 
phase HPLC column analytical column (2.1 x 30 mm) with a gradient of 0.1% 
TFA and 0.1% TFA/70% acetonitrile at a flow rate of 0.15 ml/min. The 
absorbance is monitored at 214 nm. Fractions representing pronounced 
5 absorbance peaks are collected by hand. Figure 12 describes the elution 
profile from the C8 reverse phase high pressure liquid chromatography 
(RPHPLC). Ten percent of each fraction is used to assay biological activity. 
One fraction (Fraction 12) eluting at 35% acetonitrile had proliferative activity 
for G433 cells (Figure 11). 

■"• ■■ 10. 

The partial amino acid sequence of fraction 12 is detemnined. This 
fraction Is applied to a pulsed liquid microsequencer and is found to h 
1.- amino acid sequeric©^ (X) F E T L FG A/V E D V I/D A L Q F V C G D [SEQ ID 
NO: 2], which is similar to; but distinct from, that of human, bovine, deer, and 
15 mouse IQF-I, which ar^ identical at the-N-terminal end. The initial N-temiinal 
amino acid sequehcel Is difficult to determine. It is assigned no designation for 
that reason. The prot^lnabeous factor comprising this partial amino acid 
sequehce Is herein referred to as OT-2. In addition to having an amino acid 
seqiiehbe distinct from that of human IGF-I, OT-2 elutes after IGF-I In both CIS 
;^ ; ; 2 HPLC arid MonoS Cbl^ Antibodies which recognize OT-2, do not 
■ . recognize IGF-i or IGF-I}. 
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TABLE 1 






Summarv of Durificalion of OT-2 fAntlerIn 2\ 




Protein 


Total Activity 
(Units)* 


Specific 

Activity 

U/mg 


Crude bone 
extract 


506g 






Heparin- 
Sepharose 


44.2g 


2.25x106 


51 


Heparin- 
Sepharose 


61 mg 


3.3 X 10? 


5408 


Sephacryl SI 00 


2.25 mg 


84,600 


37.600 


C1 8 Reverse 
Phase HPLC 


50 ng 


11,550 


231.000 


C4 Reverse 
Phase HPLC 


1.il7|Jig 


11.000 


9.4x106 


C4 Reverse 
Phase HPLC 


200 ng 


16.500 


8.2 X 107 


C& Reverse 13 ng 582 4.3x107 
Phase HPLG 

* 100 U represents thia equivaieri^ activity of 10 % FBS. 



Example 4 
Isolation of OT-3 from Deer Antler Tissue 



10. Fractions 61 -78 with MG-63 activity eluting at 0.4M NaCI from the first 

heparin Sepharose cojumn of Example 3A are pooled, dialyzed in 50 mM 
: . anrjmbnium bicarbonaite and applied to a Sephacryl S^1 00 column prepared as 

in Example 4 (Fig. 13). Fractions 22^37 with MC3T3 activity eluting between 
; 20^106 kb (Fig. 14) are pooled and reapplied to Sepharose (Fig. 15). 

; 1 5 jFractipps 83-94 cpntaiinlng biplbgical activity eluted at 1.4 M. These fractions 
aire then pooled and applied to reverse phase HPLC on a C18 column. The 
.. biological activity elutSd a^^^ Fig. 17 shows the elution 

profile of MC3T3 proliferative activity after C4 columri chromatography 
. performed as described in Example) 3iA. In the asday described herein and 
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performed on OT-3, OT-3 did not stimulate proliferation of MG-63 or M433 cells. 

Example 5 

Isolation of OT- 4 from Peer Antler Cell Conditioned Medium 

' • ••■ 5 ■ . . . ., . 

Deer Antler Cell Isolation 

Antlers are cut from male red and axis deer during the early stage of 
antler growth (mid-May). The velvet is discarded and tissue fragments (about 1 
.; 10 cm3 volume) are isolated from the distal half of each antler and kept in cold 
(xMEM medium. The fragrnents are then transferred to Petri dishes, finely 
miriced vyith scalpe^ and subje^ to four consecutive 30 miriute digestions 
in 0.25^^ CQlfagena^; 6.25% trypsin Hanks balanced salt solution (5 ml/cm3 
tissue) at 37*C on a shaking platfpmi. At the end of each digestion the cells In 
l&r SMS^nsiprt^ witK lp% FBS oMEM and seeded In the 

|&'c!;^:^;V: i:)''"^ isame- medlun^ cuttiri^li^ 

Collection of Deer Antler Cell Cohdition ed Medium 

fJfi^A?: 20 ^ : 1^ When 
confluent, the pells are washed 3 times With; res and r 
ocMEM containing 0.1 % BSA (0.3 ml/cm2). After 2 tp 3 days, the conditioned 
medium is oollected, clarified by cientrifugatlpn and stored at -20''C. 

■://^ :'^" '25 "\. Jf:'- '"" v-. ■' : Example 6 
: ' } Purification of Biological Activitv of OT-4 

^ S - Fifteen liters pf deer antler cell conditioned medium are thawed, passed 

i^/ A \ V 5 > througlTA/Vhatman Nb; >^ 3^^^ concentrated to 

1 .S lit^re in4 7>0 using an Qm^a pass^ ultraflllratton 

1: apparatus with 3kD MW cutk>ff (Pharn^^ The 

%J ' r yi; NaCITrls buffar (10 

]. . mM Tris HCI. pH 7.0):using 4M'NaCI Tris buffer smd tha^rt loaded on a 
IS:;: ; ^^^^ J xi&bm) pre- 

: ^^35? ; is washed off 

ll^yj^^^ ; ifnaterial eluted with, 

v^: ^ v^M; , issaiioi^ of 3i)CNMQ!f b|l^ M K^CIjJrrfe buffer The unbound 
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and the 0.05 M NaCI Tris wash are then reapplied to the same column and 
eiuted with 300 ml of 3 M NaCI and 300 ml of 4 M NaCi Tris buffer. 

The bound fractions of the first and second run are pooled and their 
5 absorbance at 260 and 280 nm read using BSA as a standard, giving a protein 
content of 335 mg/1430 ml. This material is dialyzed against 4 changes of 24 1 
of 50 mM NH4HCO3. Fifteen ml are lyophilized and resuspended in 3 ml of 
DMEM/F12 50/50 medium for assay of proliferative activity on C433 cells 
(Figure 1 8). The specific activity of OT-4 at this stage of the isolation is 
1 0 approximately 4 U/rhg protein. 

. The rest of the dialyzed material is lyophilized and redissolved in 32 ml 
.yr - Of 4 M urea. After a centrifugatibn to remove the insoluble matter, the sample is 
size fractionated on a 2,5 x 100 cm Sephacryl S-100 (Pharmacia LKB) column. 
15 using 10 mM Tris HCI, 4 M uriea pH 8.0. Each fraction had a volume of 8.3 ml, 
and its absorbarvze at280^ n^ 13 recorded. For the assay of proliferative 
activity, 400 )il of every 2 cdrisecutive fractions are pooled with 80 yA of 1% 
BSA and dialyzed ai^airist 2 chahges of 4 1 of PBS and 2 changes of 3 1 of 
DMEM/F12 50/50 rrieidlum. The samplejs are sterilized through 0.22 (im 
20 membranes and assayed In duplicate on €433 cells. The specific activity of 
OT-4 at this stage of the Isoiatipn Is about 8 U/mg protein. 

Figure 19 describes the elUtion profile from the Sephacryl 8100 column 
and proliferative actiyiiy of eiuted fi-actionis. two pealcs having biological 
25 activity are Obser/ed; one having ah apparent MVV of 70 kD, and the second 
with a MW of approxiinrjately 6^^ 

. . Fractipnsihaving ah apparent molelciiiar weight of 70 kD and exhibiting 
C433 protiferiatiye activity are pooled and their protein content determined as 
30 142 g. using absprbarice readings at 280 and 260 nm with BSA as a standard. 
■ is dia^^d^agaihst i M acetic acid dt a MW cut-off of 3.5 kD. and 

V adjiis^tiM t^^^ ITii^ isample is subjected to cation exchange 

; bhrjijrnatogra^^ column (Pharmacia LKB) 

^equilibrated: with 1 Mjiaop^^^^ NaCI phi 3.0. The sample is eiuted 

35 : with a-250;ml Hneiar gradient from; 1 M acetic acid 0.075M NaCI pH 3.0 to 1 M 
; ammonium acetatiB. 1.5. M NaCI pH 9.0. Each fraction had a volume of 12.5 ml 
. and itis absorbance at.280 nm is measured; For the assay of proliferative 
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activity, 400 |il of every 2 consecutive fractions are pooled with 88 |il of 1% 
BSA, dialyzed against RBS and DMEM/F12 50/50 medium. After sterilization 
by filtration, the fractions are tested on C433 ceils. The results are shown on 
Figul-e 20. The specific activity of OT-4 at this stage of the isolation is 7.4 U/mg 
5 protein. The active fractions (26-32) eluting with the major bound protein peak 
are pooled, lyophillzed; arid redlssplved in 90 ml of PBS and H2O to give a 
conductivity equal to tliat of 0.6 M NaCMn PBS. The pH is adjusted to 7.4. 

The sample is applied to a 2 ml affinity column of amino link agarose 
1 0 (Pierce, Rockford, IL) pariylng 0.66 mg of recombinant human IGF-binding 
protein 3 (IGF-BPs)^ The unbound material is washed out of the column with 
1 6 mi of 0.6 M NaCI PBS. and the bound material is eluted with 1 6 ml of 1 M 
• acetic iacid pH 3.0. One rril fractions are collected. For the bioactivity assay 30 
Hl of every 2 consecutive fractions are pooled with 400 ^1 of 0.1% BSA and 
15 dialyzed against PBS and DMEM/FI 2 50/50 medium. After sterilization by 
filtration, the fractlpr)sare te^^ C433 cells. The results are shown on 
Figure 21: Proliferative activity for C433 cells is found predominantly in the 
bound fractions, althbugfh thisre is a small amount of activity in the unbound 
: ; f r4ction$v prB8Mmdb|iy t3^^ the columrt is overloaded. 

ProlH^ratiNnB Activity Ipr^^^ to be observed in both 

:f^v^^ ■ : ;U^^ after the unbound material Is reapplied to affinity 

::V : c a isecondand third time. 

>;25 Th^ bound |rk^l6^^^^ proliferative activity for C433, from the 3 

Ooh^^^ ^iMtlflP^tibn^ pooled, speed vacuum concentratied, 

1^ a 2.1 X 150 

r fnrn tJ4^ CA) 

equilibrated with ^%'kc^^^ Johnson, Muskegan, Ml) 0.1% 
: 30 . Tf=A in water. The; H,^LQ a^^ 

■ ;: f ^ niiihutiss, from in 40 rninutes and from 

1 • ■ ' ; 35 tb 70% in 15 m^^^ is 0,1 $6 rnl/ii^in, the absoito^ at 214 nm 

^ : is Wcbrded, and For the bioassay, 5 

• 35 iijfof 0iiGh fractip^^ jii 0;1.?/*^ and 

redissolyed in ^50 }^^^^ assay on C433 cells. 

The specific activity- of pt^^^ stage 6f , the isolation is 1.65 x 10^ U/mg 
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protein. Tlie peak exiiibiting biological activity elutes around 58 minutes at 
31% acetonltrile (Fig. 23) and corresponds to a peak containing 600 jig of 
protein, estimated on the basis of a standard run of 1 ng of recombinant human 
TGFo. 

5 

Table 2 summarizes the purification procedure used to Isolate and purify 
OT-4. Activity recovery Is calculated as a percentage of the amount of total 
activity recovered after heparin Sepharose chromatography. 

10 TABLE2 



Summary of PnrHinatinn of AntlBrin-4 



Chromato- 
graphic 
Step 


Total 

protein 

(mg) 


Total activity 
(U) 


Specific 
activity 
(U/mg 
protein) 


Activity 

recovery 

(%) 


Fold 

purification 
(X) 


Heparln- 
Sepharose 


335x103 


1.3x106 


3.9 






Slop 
Sephacryl 


142 X 103 


1.2x106 


8.5 


92 


2.2 


SP 

S^phadex 


54 X 103 


4x105 


7.4 


31 


1.9 


IGF-BP3 




2.2x106 




'169 




yvffinlty , 
.Cplvimn 












d4RP 
HPLC 


0.6; 


9.9x105 


1.6x1p6 


76 


4.1 X 105 



•160 units represents; the equivalerit proliferative activity of 10% FBS 



■;-i5 ■ ' ■"' : 

This active prpteih material is applied to a gas-phase microsequencer, 
and the sequence of the first 17 amino acids determined. This sequence Is 
similar but distinct from that of human, bovlrie, deer, porcine, ovine and rat IGF 
l|, which are all identical in their first 1 9 residues. The sequence of this 
. . 26 . prpWihadeous growth factor, referred to heroHn as OT-4, is given below, and 
compared with ttiat of -human IGFrll.;ln addition to the differences In the amino 
acid sequences between OT-4 and human IGF-II, antibodies which recognize 
6t-4, do not recognize IgF-I or IGF-II. 
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1 


2 . 


3 


4 


5 


6 


7 


8 


9 




OT-4 


A 


Y 


1 


P 


1 


E 


T 


L 


E 


5 


[SEQ ID NO: 3] 




















hIGF-ll 


A 


Y 


R 


P 


S 


E 


T 


L 


C 




[SEQ ID NO: 4] 






















11 


12 


13 


14 


15 


16 


17 


18 


19 


10 


OT-4 


l/G 


e; ' 


L 


V 


D/Q 


T 


G/L 


Q 


F 




hIGF-li 




E .' .; 


L 


y 


D 


T . 


L 


Q 


F 



Example 7 

Preparation of Monoclonal Antrhodies to QT 

Monoclonal antibodies (MAb) to OT are prepared by an in vitro 
20 ; inrVmunizatiiDn technique (Van Ness et al, 1983, Nature 2Q1' 425-427). Spleen 

cells of 8 to 12 week;^pjdferhale Balb/C^r^ are immunized with 250 pg 
V ■ synthetic 14^nier peptide of;OT-2 In the presence of 100 mg N-acetylmuramyl- 
L-alanylrD^ lipopolysaccharlde (LPS, 

Difc^j ahd 500 ^1 bulturd sUpen^ A (50 mg/ml)-stirnulated 

; 25 sple^^ cells (5 X I 0^1); In 5 ml IMDM Supplemented with 20% FBfS in 6-welI 
- : plaW irnmunized spleeHi cellis are then hybridized with mouse 

: ; my^ Kaneka. Japan) at a ratio of 

2: 1 in the presence :pi^^ glycol (1500, Boehringer-Manhelm). 

After the hybridiziatibn, tti^ cells iare suspended in 120 ml IMDM supplemented 
, 30 , with 10% re into each well In 48- 

r;? ' w^^ 0.5 ml HAT medium are 

. plated onto each well as a feeder layer. The plates are cultured for 14 days in 
HAT rnedium (Flow) and then for 7 to 10 days in HT medium (Flow). The cells 
are fed fresh medium every 2 days. The culture supematants, harvested from 
35 the wells in which growing hybridoma cells cover 50% of the surface area, are 
. screened for their crossreactivity with the synthetic or 14-mer peptide (OT-2) by 
enzyme-linked immunosorbent assay (ELISA); The hybridoma produces 



# 
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monoclonal antibodies designated MAbOT-2 which recognizes OT-2 
polypeptide but not IGFrl or IGF-ii. The same procedure is followed to obtain a 
hybridoma producing mpnoclbnal .antibody which recognized OT-4. 

5 Example 8 

, Polyclonai Aritibodles to OT 

Raibbits (rriai^,: 6 to 8 weiek-old) are siibcutaneousiy injected (10 
■ sltes/anlmaly 1 00 luO/sitie) with 1 .3 mg Myhble limpet hempcyanin (KLH)- 
i p V TO siyhthetic 1 1-miBr peptide of OT-4 or 14-mer peptide of OT-2 and 2 

. ml comiilete Freuntf^^^^ weeks after the first immunization, 

; : ahima with 1 .3 mg KLH-conjugated synthetic 1 1- 

1*.^ • - rneif or 14Tm6r peptide^^^^^^ m| incorhpilete Freurid's adjuvant 3 times. At each 

booster, blood is drawn from an ear vein and tested for its titer against the 
; 15/ ; v synth^^ r , 

-v;;::-;,>.V;':\\'-;Examp|e 

iK:A^'t'^:4^y:]- pT Assays •". 

h ; a: QI^EnzyiTie^^^ ImimirtosorbBnt Assay fELISA) 

EUSA plates (Falcon) afeiicp^ited^w^^^^ 1 1-me|r 

peptide of pT-4 or 14^mer peptide 0^ 
25 .washed. with 200 nl/well phosphate-buffer^ saline (PBS) twice, incubated with 
. \ 2d0:|il/well blocking buffer (1% bovine serum albumiri in PBS) for 1 hour at 
, 37fC and rinsed with 250 jii washing buffer (0.05% Tweein 20 In PBS). The 

J- '^iyl, antibody or hyljridbrria s^^^^ be tested overnight at 4**C and rinsed 



)mtii?bc^ 250^^1/yifell 5 times 



ir;^#!i|feni^ ml water) for 10 to 

'35 120 mih and 20 
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The results of a representative EUSA are shown on Table 3. 
Table 3: ELISA Assays for both OT-2 and OT-4 



Concentration 

(ng/ml) 



Polyctonal AB to OT-2 



OT-2 
OD4S0 



IQF-I 

OD450 



Polyoional AB to OT04 



OT-4 

OD450 



IGRI 

OD4S0 



»>■<■■' 



1000 

500 

250 

125 

62.5 

31.2 

15.6 

7:3 

. :1v7-' : 
0.9 



0.870 

0.825 

0.725 

6.770 

0.651 

0.546 

0.405 

0.186 

0.104- 

0.063 

0.042 



0.031 
0.025 
0.032 
0.012 
0.054 
0.030 
0.021 
0.041 
0.022 
0.025 
0.021 



0.341 
0.351 
0.338 
0.310 
0.307 
0.270 
0.195 
0.122 
0.069 
0.019 
0.006 



0.001 
0.002 
0.005 
0.001 
0.001 
0.002 
0.005 
0.006 
0.002 
0.001 
0.002 



Antibodies dire^cted tb th^ 6t-2 14 liier F|0F>iide or the OT-4 11-mer 

;t ; peptit^^^^ in the 

'/^.EysA-^ss^ :':;-j>3"'-'::''v^ 

la B/ w (R\A) 

the radi0imrnuhpa§jsay is» pdrfoifmed In glass tubes by 

: incubating 500n,l of the sample buffer containing 0.15M NaCI, 0.05M Tris, 2mM 
EDTA and 2nrig/rnligelatin at a pH of 7. presence or absence of 
1 $i unlaibelied OT-2 with 1 0Ojii of antibody solution containing 2.5^1 of the 
■^^ pqlyblpna^ 25|il of nonnal rabbit serum and 1 0Ojil of sample 

/: b^^ After 24 hours of incubation ar4°C, 100^1 of sample buffer containing 
; 20^0ddcpm of OtT2 bonjugated to bovine serum albumin and labelled with 1251 
, is added and further incubated bvemight at 4?C. One ml of the precipitating 
20 antibody solution containing p:i 5M PBS with 5% polyethylerie glycol and 12^1 
of goat anti-rabbit antibpdyJs added and is incubates for Ihr at room 
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temperature. The tubes are then centrifuged at 3000rpm at 4''C for 30min. The 
supernatant is rempved and the tubes are then capped and cpunted in a 
multichannel gamma counter. The competitien of unlabelled OT-2 peptide is 
determined. The assay senisitivity is 1ng/ml for the unlabelled peptide. As the 
5 data slibwn on Table 4 demoiistrate. neither IGF-I nor IGF-II compete for the 
antibody to OT-2. 

Table 4; Competitive Radioimmunoassay for OT-2* 



Conoentratioh (ng/mi) QT"2 IGP-' 

precipitated cpm precipitated cpm 



«^ ■ 0 2406 2406 

0.010 2528 2359 

0.060 2423 2458 

0.30 2057 2589 

1.6 1088 2456 

8 1565 2508 

40 1189 2470 

200 1000 2368 



10. *The assay was with labeled BSA cbngugated. OT-2 and using the poly- 
clonal antibody to OT-2 

Example iO 

Technique for Testing Effects of Crud^ Antler Extract on Bone Growth 

-15 ^. 

The short term effects of proteinasCeous factor material extracted from 
antlenare tested iri l(?R Swiss white mice, aged 4-6 weeks and weighing 13-26 
v . ; . i / gms using 4 mi^^^^^ mis; of a soluable EDTA extract is prepared 

£ Hv^^v material is ^ctehsively dialyzed 
X ;^Q:v Alfematively, 500 gms (wet weight) 

. : : - p^^^^^ which had been 

demiheralte^^ a 1:1 

; ; ^ chlprofbrrn/metharipl ;^^ This material is then dried to a weight of 192 

gms. The 192:gnis of d^^^ibd d^ material is e)rtracted with 4M urea with 

25 d.5M CaCli. 0.1% sodium azide an room temperature in a 
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volume 19-20 ml. The pelleted material which is not extracted is removed by 
centrifugation. The urea extract is dialyzed against 23 volumes of distilled 
water at 4**C overnight after which a water insoluble precipitate extract is 
fonned. This precipitate is then removed by centrifugation 40,000 x g for 30 
5 min. at25°C. The precipitate is washed with 3 x 500 ml of dHaO. Both the 
water insoluble precipitate and the water soluble extract are then lyophiiized. 
9.8 gms of the water insbluble urea extract and 6.2 gms of water soluble urea 
extract are obtained. The water, insoluble fraction is tested for biological activity 
In vivo as described below. 

"■' ; -lo - 

A 25 mg/ml suspension of either water insoluble urea extract or EDTA 
soluble extract Is made up in phosphate bufferBd saline and 40 
• we^ht (representing a dp$e of 50 mg/Kg body weight) of this material Is 
injected over the caivaria of 5 week old mice once a day for 3 days. Asa 
15 control 40;|il of a 25 ing^rnl bovine serurh^ albumin solution is injected over 5 
week old' mice ono^ a d^^^^^^ at 7, 14, and 21 

idays after the Initiai injectkin a^^ After fixation in 10% 

^^^^^■^^^^^^^^^ are decalcified In 14% EDTA. 

ttie occipital bone is then removed by cutting Immediately behind and parallel 
■\fffi^2Q';: to the lambdoid suture, ^nd the frontal bone is removed by cutting anterior to 
j lti^ coronal sirture^u^ The bones are then bisected through 

the coronal plane and 3r4 mm strips of bone are dehydrated in graded 
. alcohols; and embeddiad in paraffin. Five (im sections are then cut from each 
sjpecimen and stained with hemato)^lln and eo^^^ 

■■ Calyafia from- am BSA have few or no 

bh&iges (Mrhparied to nbn-tr^ i(Figure 24). In mfee treated with 

EpXA soiuble or viiatep insolubfe^^ antler material, there Is 

. , : substantial new, woven bpne growth seen on the outer surface of the calvarial 
: . ; :3p : bone by day 7 (Figure 25^ '^ 5yjd$ys 14 and 21 this rteiw bone has the 
^/^^^^ v ;^^^^^ proteinaceous material 

■ :JV .:• ahtlertlssue are ca^^ formation of new 

. / ; : ■ ; lameliar bone. Thelise ektradls could be iised therapeutically for the 
- : ; . . er)hari(bmeht.of bpnb:^ in animals. Preferably, this 

: 35 antler extract can be used theriapeutic^lly to treat pathologic bone conditions 
in mammais sudi as dpgsrcats, horses, s^^ as well as humans. 



• . • — 

Example 11 



iisiriq Affinity Ohromatoaraphv 

5 The synthetic 0Tt2 i4-mer peptide and OT-4 1 1-mer peptides are 

synthesized using F-IVldc cl^emlstry^ Gysteine is a^ded to the C-termlnal end 
of half of the material, liie C-terminal eind is coupled through the sulfhydryl 
; group to an affinity colum is ^ 

of ratibit seruin contalnlnii pQ^^ the 1 4-mer peptide of OT-2 or 

;:i 0 to the li itier peptide pi is ammonium sulphate precipitated, dialysed, 
1- VvOTCtsui^t^ is eluted with 0.1M 

^^v il^lnei^?^^^ OT^ purif led antibody or 

^^^p^lriiy^il retrieved. Both antibodies are 

solubiiized to a cprtcenfrat^ 0* 100 jig/ml and the litre of these antibody 

■;ii5vv 



• • ; . ■ Example 12 

> : . Affinity Purrficat |»" "f Antlerih^ ifOT-2V; 

Is coupled 

through anVamino group to a second affinity "latrik.^^ the airitlbddy 

tp the column Is greater than 4 mg. One ml of deer antler extract is proce??ed 
: thrpigh this aritjbody column and' no actlvity;^!^ in the flow- 
through fraction. The bound fraction is eluted wth 0.1 M glycine. ELISA assay 
25 of.tlie eiuants Indicates immuhoreactive material elutlrig f rpm the colum 

'■!'•■''>■■'■'>•■•■>'>/•>■•'■ ;^ ^ 

> lM^^lPiVi3f :iir^F-l frbm Tissue 



Exampl^ 3 and chromatogra^^^^ on a heparin Sepharose column as 
ir i^b^S'desbribedl^ unbound material is rechrpmatographed on the 

-0 remains- 

3^:?i^Mci^^ •; 
■ !;::y-SrpS^¥ Material^ 
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eluted at NaCI concentrations between 0.3-0.4 M Is pooled (Figure 27) (6 
separate column runs) and pooled material is dialyzed against 0.1 M PBS 
containing additionally 0.6 M NaCl, pH 7.6 (PBS/NaCI). After dialysis, the 
sample is applied to a 2 ml affinity column of amino link agarose (Pierce, 
5 Rockford, IL) to which Is bound 0.66 mg of recombinant human IGF-binding 
protein 3 (IGF-BP3), The unbound material is washed out of the column with 
1 6 ml of PBS/NaCI, and the bound material is eluted with 1 6 ml of 1 M acetic 
acid, pH 3.0 One ml fractions are cbllected. Material exhibiting proliferative 
activity for C433 cells bound to the aff inity column. Bound fractions with activity 
i 0 are speed-vacuum concentrated, /econ^ted In 0.1 % TFA and Injected Into 
reverse phase HPLC usifig a GIB cblurnn (10 x 250 cm) with a gradient of 
0.1% TFA and 0.l%tFA^^ acetonitrlie at a flow rate of 2 ml/mln. Absorbance 
Is mbriitored at 220 nm; Biological activi^ in G433 cells Isdetemilned from an 
aliquot of each fraction (Figure 28), The fraction eluting at 32% acetonitrlie (52 
15 minutes) is applied to a:C8:RPHF»Ld (Figure 29). The partial amino acid 

sequence of th^ pekk |lutiri a^ »s detenmined. This fraction is 

applied to a pulMkjrilfiliiid microse^^ amino acid sequence 

deterrrtln^d by the seqU^^ of human IQF-I. 

IGF-I [SEQ IDNP:5] 

: GPE'lt^ AmALQFVCGD . YGSSSRKAPQ 

, TOIVPECCFR SCDLRRLEMX . CAPLKPAKSA 

Example 14 

Forty-five ml p( deer antfer serurn collected during the antler growing 
season is dialyzed pyernight against 1 l^ acetic acid. 75 ml^ NaCI (pH 3). The 
dfahrz^rt^i? applieiJ^ column, equilibrated with 1 

M acefc^^^^^ performed from the starting 

conditions to 2 M NaCl,:pl^ :9. Ten mi Mrtiohs are collected. To determine 
proliferative activity irv C4$3 celW 100 j^l of 4 consecutive fractions are pooled. 
6.1% BSA added aftd the ppbled sample is dialyzed against PBS and 
DMEMyT=12 50/50 medium After sterilizatiiDn by filtration through a 0.2 urn 
membrane, fractiorisire tested in C433 cells (Figure 30). Active fractions 
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eluting at 1.5 M NaCI. pH 9. are pooled, dialyzed against 1 M acetic acid and 
applied to a 2.5 x 120 cm Sephacryl S-100 column using the same initial 
buffer. S\K ml fractions are collected and 125 |il of 4 consecutive fractions wHh 
0.1% BSA are dialyzed. against PBS and DMEM/F12 medium to detennine 
5 proliferative activity (Figure 31), Fractions eluting around 14 kDa from S-1 00 
column are pooled, lyophMlzed. reconstituted In 20 mM Phosphate monobase 
pH 8 b and applied to 1, x 25 cm Synchropak AX-300 column. Two ml fractions 
are cbllected and 100 jil of eyery 2 consecutive fractions with 0.1% BSA are 
pooled, dialyzed and tested for biologicala^^ Fracttons eluting 

10 at 0.5 M NaCI from AXrSOO column, are pooled, dialyzed against 10 mM 
arnmonium acetate pH 4,8 and applled^^^ column 
(LKB Pharmacia). Eliition is performed using a linear gradient from 1 0 mM to 1 
• M ammphium acetai^rf 10% acetoriitrile Is recorded at 280 nm. 

One ml fractions are cpllecteid and C433 activity detennlned using an aliquot of 
15 eiach fraction (Figure 3^^^^^^^^^^ eluting at 0.35 M ammonium acetate 

ifom Mpno-S iare speed%cuum ddnceritrated a^^ applied to RPHPLC CIS 
) > ? 4.6 X 150^ Vydab (bplumri Using a(»tdnltrlle/TFA gradient Flow rate Is 0.7 
; ^> :m fractions are 

£ v^^^^ 0fraiiioh are tested for proliferative activity in C433 cells 

fi^-l {jFigij^&^ acetonitrlle ( 700 ng total 

V; / / rprot^ln^ t^itweas^r^^ applied to a pulse liquid 

mlprpiB^qUer^ ?8 amino acids Is 

;>/ wd ®* human, 

. rat and mpuse IGF-ll. Another fomi of deer IGF-II has been cloned and the 
7 C :^5^ ? iaiim Table 5. The 
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TABLES 

IGF-II 



DEER IGF-II « serum 

[SEQ ID Na 6] AYRPSETIiXG 

DEER IGF-II r cloned . 



[SEQ ID NaT] 
HUM IGF-II 
(SEQ ID NO: 8] 
10 MUS IGF-II 
[SEQ ID NO: 9] 
RAT IGF-II 
' [SEQ ID NO; 10} 



AYRPSETLCG 



AYRPSETLCG 



AYGPGETLCG 



AYRPSETLCG 



GEIjVDTLQFV 
GBLVDTLQFV 
GELVDTLQFV 
GELVDTLQFV 
GELVDTLQFV 



XGDXXPYF 



CGDRGFYFSR 



CGDRGFYFSR 



CSDRGFYFSR 



CSDRGFYFSR 



15 



20 



DEER IGF-II/ cloned 

PSSRimiRSR 
HUM : ICT-II PASRVSRRSA 
MOS IGF-II PSSRANRRSA 
RAT IGF-II PSSRANRRSA 



GIVEECCFRS 
GIVEECCFRS 
GIVEECCFRS 
GIVEECCFRS 



CDLAU-ETYC 
CDLAZiIiETYC 
CDLALLETYC 
CDLALLETYC 



25 



DEER IGF-II, cloned . 

■. ATPAKSE 
HUM IGF-II ATPAKSE 
MUS IGF-II ATPAKSE 
FAT IGF- li ATPAKSE 



R0VS 



The present invention also relates to a nucleotide sequence encoding 
the biplogically active polypeptides of the present inve The DNA 
30 sequences which encode polypeptides of the present invention are described 

' below:-: 
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AM JI FRIN-1 fOT-1) 

[Amino acid SEQ ID NO: 1, Nucleic acid SEQ ID NO: 11] 

1 2 3 4 5 6 7 8 9 

MAGli QDEF G 

ATG GCN GGN CTN GGN GAY GAR TTY GGN 

TTR 



10 
D 

GAY 



OT-2 

[Amino acid SEQ ID NO: 2. Nucleic acid SEQ ID NO: 121 



1 



SSl.K.v ™ Iao Irw nTN TTY GGN GYN GAR 



10 
D 

GAY 



19 20 
G D 
GGN GAY 



2 


3 


4 


5 


6 


F 


E 


T 


L 


F 


TTY 


GAR 


AON 


CTN 


TTY 






TTR 




11 


12 


13 


14 


15 


V 


l/D 


A 


L 


Q 


GTN 


GAY 


GCN 


CTN 


CAR 


AtH 




TTR 





7 8 9 

G A/V E 



16 17 18 
F V C 

TTY GTN T6Y 



in OT-4 

: [Amino acid SEQ ID NO: 3, Nucleic acid SEQ ID NO: 13] 

V 1 2 3 ■ X 4 5 6 7 8 9 10 

16 I p i E T L E G 

^ ScM TAY ATH f ACN CTN GAR GGN 

TTR 

11 12 its 14 15 16 17 18 19 

l/G E L V D/Q T G/L Q F 

A : ATH GAR CTN GTN GAY ACN GGN CAR TTY 

: V GGN : TTR V • CAR : CTN 

I IM 

15 wherein Y is selected frbm T or C. R is selected from A orG. H is selected from 
A. T or C, and N is selected from G. A. T or C and G, A, T andC represent 
guanine/adenlne/tbymidine, and cytosine. 



• 
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The biologically active .polypeptides of tlie present Invention may also be 
prepared utilizing recombinant DNA technology: A recombinant DNA molecule 
coding for any of the polypeptides of the present invention can be used to 
transform a host using any of the techniques commonly known to those of 

5 ordinary skill in the art 

A gene is a DNA sequence which encodes through its copy or 
messenger RNA a sequence of amino acids characteristic of a specific peptide. 

; The term cDNA Includes genes from which the intervening sequences have 

^^^^^ expressing 
; >^ * tf^ Iri bacteria are. krfoWh aiid are shbym, for example, in U.S. Patent No. 
4,366.246. herein incor()orated by reference. The genetic constructs and 
: ^ • 1^^ metoods described^^ expression of the polypeptides of 

the nucleic acids ericodlng the polypeptWes of the present invention are 
y : V the present inventton 

: ; A ; ; i2(y V ^ : to any host liwdified accoirding to the methods of 

ordinary skill in th^art|sMbh ^rfo^^ by transfer of genetic material 

using an expression plasmid or lysogerilc phage, and w 
•|;;:;/J|H!^'>J^yp^ the gene for any of the antler-derived bone 

I!; § 0 EspeciaHy preferred is the us0 of a^yector containing coding sequence 

for tlie polypeptides of the present inventiqi^ for purposes of prokaryote 

- •■■;.30-: ; ,1 ; ::n7ie^erm4l^ to include not only prokaryotes 

feCi';HK^;.''v::-^ The tenn . 

I V v^^ is m^aht to Inclu^^ txabterlaw^ dstn be transfqmied with the 

;■ > i=!r6tery(& ho^i well as, Gram positive 

:v S-i^ ; :b^ef^ Sam^ M 

j[. ■ • 5- siii^ in add^ ^® cultures, may 

::^^^^^^^V , • a^^^ is meant to include all yeasts, fungi, animal 
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and plant cells which can be transfomied with the DNA for the expression of 
the polypeptides of the present invention. Eul<aryotic hosts may include yeasts 
such as Pichia pastoris or mammalian cells. Rf^nnhammvces cerevisiae. or 
common tiiaker's yeast, Is the most commonly used among eukaryotic 
5 microorganisms, although a number of other strains and organisms are 
commonly available. Yeast promoters suitable for the expression of foreign 
DNA sequences in yeast include the prornoters for 3-phosphoglycerate kinase 
or other glycolytic enzymes. Suitable expression vectors may also contain 
tennination signals which provide for the polyadenylation and termination of 
1 0 the mRNA transcript of the cloned gene. Any vector containing a yeast- 
compatible promoter, origin of replication, and appropriate termlnatbn 
sequence is suitable for e)q>resston of the polypeptWes of the present 
t^j^' invention; 

15 A cloning vehicle is a plasmid or phage DNA or other DNA sequence 

which is able to repiia^te In a host cell which is characterized by one or a small 
nurnber of 6riddnucjekse recogntti6n sites at which siich DNA sequences may 
be cut in a detemijhable fashion without loss of an essential biological function 
of the DNA, and which contains a marker suitable for use in the identification of 
/•ISO traniformed cells. Markirs, for example, are tetracycline resistance, neomycin 
resistance, or ampiclllin resistance. The word "vector" is sometimes used for 
pibhihg yehid^.^ ^ ^ ^ ^ 

An expression vehicle is a vehiclie similar to a cloning vehicle but which 
;^^5 is capable of expressing a given s in a host, normally under 

control of certain control sequences: "Expression vectors" refer to vectors 
1 v^^ c4pable of tr^riscribing a DNA sequences contained therein, where 
^uch sequ^nce^ are linked tp othisr regulatory sequences capable of affecting 
their expression. 

30 .,' ■ . • 

the expression^yector typically 
prbmoter(s). .terminator(s), a iribbsp^ as well as specific genes 

which are capable of prpyidlrig pheryotypic sel^^^^ 

These ej^ression vectors must be replicable in the host organisms or systems 
35 either as episomes; bacteriophage, or as an integral part of the chromosomal 
. DNA. The transformed hbsis can be fermented and cultured according to 
means known in the art to athieve optimal cell growth. 
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Examples of promoters which can be used in the invention include, but 
are not limited to: rec A, trp, lac, tac. bacteriophage lambda pR or pU MMTV, 
SV40. Examples of some of the plasmlds or bacteriophages which can be 
5 used in the invention are listed in Mariiatis SLsi-, iMssiM Cloning . Cold 
Spring Harbor Uboratorles, 1982, and others are known to those of skill in the 
art and can be easily ascertaiihed. 

Recombinant vectors and methodology disclosed herein are suitable for 
10 use in host cells covering a wide range of prokaryotic and eukaryotic 

organisms. Prokaryotic cells are preferred for the cloning of DNA sequences 
and in the constmctiori of vectors. For example,. £^CQli K12 strain HB101 
(ATCC no. 33694), is particularly useful. Of course, other microbial strains may 
also be used. 

Cell Ito derived from rnuWcellular organisms may also be used as 
liosts. In principle, any subh cell culture Is workable, whether from a vertebrate 
f - or Iriv^rte^^ been greatest In vertebrate cells, 

; and propa^srtion of celfe in culture (tissue culture) has become a 

; ; i VSRO^HeU. mouse 0127; Chinese hariiste^ ovary (CHO), WI38, BHK, COS-7. 
M \ l^nd MDdk cell ife such cells ordinarily include an 

ori^ri of replicatibn, a; pn^ front of the gene to be expressed, 

^y^^ V R sitiasM riece^ry)^ and^t sequences. 

Wv:';:::"-/25r^ ■ 

; ■ For u^r^^ (promoters and 

I - C f ^niianceii) on th^^ viral material. For 

V i v example; cdmmorii^^^ polyoma, Adenovirus 2, 

and most frequently, Sirnian- Virus 40 (SV4Q). Eukaryotic promoters, such as 
■ . 30 the, prprnoter of the murine metallothioriein gene [Paulakis and Hamer, EroL 
^- / ? i j^ifi^ Further, It Is also 

' : : 5^;^^ • control sequences 

^ .whi^^^^^^^ associated wrth a^si bene sequence, provided such 

i cbntroi sequences a the hbst system. To increase the rate of 

35; transcrip^bn, eukarycitic enrt^^ be obtained from a variety of 

eiriiriial ce^^^^ 
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An origin of replication may be provided either by construction of the 
vector to include an exogenous origin, such as that provided by SV40 or other 
viral sources, or may b6 provided by the host cell chromosomal replication 
mechanism. If the vector i? integrated into the host cell chromosome, the latter 
5 is often sufficient . 

Host cells can Synthesize the polypeptides of the present invention 
which can be of a yarlety of chemical compositions. The polypeptide may be 
produced having methionine as Its first amino acid. This methionine is present 
10 by virtue of the ATG start codon naturally existing at the origin of the structural 
gene or by being engiheered bef ore a segment of the ^mctuial gene. The 
; ; ; • ■ p '•se to the 

The polypeptide may be prdduced together with either its own or a 
1^ h^terolGigouaslgr^^^ 
-3^;,^ art irtra-JbrSe^i^liu^^ the polypeptides of 

y^^^^;-;:^^^^^^ In mature form 

^: ^ 2b; • ■ Which have been transformed with 

vectbrs.constmcted using recombinant DNA techniques. As defined herein, 
the polypeptides of the present invention are produced as a consequence of 
this transfprmation: The polypeptides of the present inyention or fragments 
I ; as '^porfibiiiant polypeptides of 

. 25 the present inventiori."; - : .. : - 

Several groups of Workers havef isolate of messenger RNA 

(mRNA) from eukaryotic cells arWniimployed a s^^^^^^ reactions to 

synthesize: douijle-^^^^^^ which are complementary to this 

; 3^ mRI^ mixtura ' (h th^ifl^^ into a single-stranded 

Sii;iJ-^S-:cort|# reverse 
g ■ : in the S'-S* direction, 

! : requires both 

a free 3'-hydfoxyl 

v S °^ complete copies 

'■^4. [i^-^:-:-- ''(A tlie rnRKlAiir|)liSj^-6^ piissess siioirt, psctially double-stranded hairpins 



93/19085 )0 ^l^fC/iiS ^ PCr/US93/02435 

39 



exploited as primers for DNA polymerases. Preformed DNA is required t)oth as 
a template and as a primer in the action of DNA polymerase. The DNA 
polymerase requires the presence of a DNA strand having a free 3'-hydroxyl 
group, to which new nucleotides are added to extend the chain in the 5'-3' 
5 direction. The products of such sequential reverse transcriptase and DNA 
polymerase reactions still possess a loop at one end. The apex of the loop or 
"fold-point" of the double-stranded DNA, which has thus been created, is 
substantially a sIngle-SitiafKl segment. In the third reaction, this single-strand 
segment is cleaved wttli the single-strand specific nuclease SI to generate a 
10 "Wunt-end" duplex DNA segment. This generial method is applicable to any 
mRNA mixture, and is described Buellr et al., i, Biol Qham., 253:2483 
V-.;(1978). . 

j^""' ■ . .; • 

The resultifig doubie-stranded cDNA mixture (ds-cDNA) is inserted into 

15 clor}ing vehicles by any one of many known techniques, depending at least in 
■ part on the particular vehicle used. In general, methods can be found in 
1 vManlatls. ©t al.. siipta, and Msttiads In Enzymolggv. Volumes 65 and 68 
^ (1 ^80); and 1 00 and 1 Q'l (1 983). In general, the vector Is linearized by at least 
one restriction endonuclease. which will produce at least two blunt or cohesive 
2p ;^ds. Th^ ds-cDNA is ligated wrth or joined Into the vector Insertion site. 

■ p vehicle Is used to 

; trahsfbrtn a suitabie:hostkl^^ vehicles usually Impart an antibiotic 

;• resist^ce trait on th^; hpst. Suph hosts are generally prokaryotic cells. 

r If prokiryotic celte br other celts which contain substantial cell wall 
{ material ar^ empi6)red. the rnost common method for transfonnation with the 
C ^re^lpn wto^ chloride pretreatment as described by Cohen. 

R.N!,etaL. EiaiK:'i^ If cells without cell 

z6 wall barriers ar4 used;^3;|icist cell^ carried out by the calcium 

^ : : ; ■ p^ prec^pit^lQ^rh^bd describiBd by Graham apd yart der Eb, 

VH^bioqv. 52:456 di973>. Other methods for introducing DNA into cells such as 
^ elebtroporatipri, hud^ protoplast fusion may be 

. i^uccessfujiy used! Atthis jjoint, only a few of the transformed or transfected 
35 h6$ts contain the de?ired:cPNA.^^ sum of all transfomied or transfected 
hosts constitutes a 'gene library". The overail ds-cDNA library created by this 
rniethod provides a representative sam coding information present in 
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the mRNA mixture used as the starting material. 

Clones containing part or the entire cDNA encoding the polypeptides of 
the present invention are identified with specific oligonucleotide probes 
deduced from a partial amino acid sequence of the polypeptides of the present 
invention. This method oVldentifipatldn requires! that the oligonucleotide probe 
be designed such that ft specifically hybridizes to the cDNA of the present 
Inventlbri. Clones containing cDNA sequeihces encoding the polypeptides of 
the present invention aire isolated as follows. 



10 



Individual transformed or trarisfected cells are grown as colonies on or 
transfeired to a metnbrane^^ as, for example^ a nitrocellulose filter. These 
y-'' colonies are lysedf tiie^^b^^ bound tightly to the membrane by 

heating. The fitter paper is then Incubated with a labeled oligonucleotide 
i 5 : probe Awhich is cornpllmentary to the structural gene of interest. The probe 
hybridizes with the cDNA for vyhich It is complementary, and Is Identified by 
i autorfidiography. The corresponding clones are characterized in order to 

c identify one or a ' 

; irifoirmatlbn for thexiesiiedf protein. 



eib^^^ also be identified using as 

?i: ^b&iiie CD ^ the cDNA 

^litHaryi Ntici(^ to deduce the sequence 
bf arrtinbacld^ 



25: 



; • V: ; {Si^twpl^ '® isolated 

)■■■■■:■ t ahlji^iiSi^t(#lh^i^ iaxpressipn vector brings the 

t-'i ' : bbnSi^^^ specific prokaryotic or eukarydtic 

: control elements y^^ expression (transcription and 

3Q> ti^nslatlori) of 1he;:d^ technique is only applicable to 

S^^ lJth^ amino acid or DNA sequence 

Jil Kovvr) a^ Is available. See, generally, 
^ :;;6;;--Marilatis,.-^ 

35 V • lyioiB receHilyi5^ specific clones 

; by probirig bd^^^ phage plaques . v|nth :artibodte^ for the 

ehbc>ded protein of iri^f^sf;- !^ "expression 
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vector" cloning vehicles since elaboration of the protein product is required. 
The structural gene Is inserted Into the vector adjacent to regulatory gene 
sequences that control expression of of the protein. The cells are lysed. either 
by chemical methods or by a function supplied by the host cell or vector, and 
5 the protein Is detected by a specific antibody and a dietectlon system such as 
ehryme Immunoassay. An example of this is the lambda gt 1 1 system 
descrbed by Young and Davis. EiasL. Acad. Ssi- iiSA, 80:1 194-1 198 
(1983) and Young arid ^s, ScifiOfifi. 222:778 (1983). 

10 Byproviding the DNA sequences, and recombinant DNA molecules, the 

present Invention also prpyides probes and methods to identify cells containing 
or lacking these seque>hceSi and rneans to admin'i^^^ these sequences to 
- cells. TTiis will enab t^^® recombinant 

protein is produced after transfection of an expresston vector Into appropriate 
15 host ce»s. MditionajlyiitHe pre^^ proyjdes a means to Inhibit the 

i n expre^lori M the 111^ RNA sequence 

wh DNA encoding said antlsense 

^^i^^; ^ produce anantisense 

? ' 20; en(^^ : 




> A^PNA growing deer antler 

; ti^ by^ m^ 4559] of the 

method of dubier an^ described in (1983) iafiDfiSS: 263-269. 

Deer antjer tips, are stored at -80°C then homogenized with a Tekmar tissue 
hpmpgenizer in felNi(a|ol B (^IjT SacchI, 
(iQfl7| Mai hiixtore ptsuanjdine isothiocyanate 

; ; guanidium salts 

. and PN^; de^^^ nudelc acids and proteins 

arid^j»€rtei tha cellular constituents. The 

RN^oi;(2Q rtii/g o^ ti^uey ^ RNA from the antler tips after 

; 6.1 volume of chidrpfom^^ added; DNA and pfptelns extract into the 

prgahlc phase and inteif iace where^^ RNA remains in the aqueous phase 
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relatively free from contamlnaints. The aqueous phase (-1/2 of the original 
volume) is precipitated with an equal volume of 2-propanol, pelleted by 
centrifugatlon and the RNA pell6t is washed in 75% ethanbl, dried and 
resuspended m sterite wateK the RNA te further purified by extraction with an 
5 equal volume of phenohchlorofonn (1:1; v/v) anrfreprecipitated with 0.2 M 
NaCI and 2.5 volumes of ethanol, The total RNA preparation is further 
enriched for messensrar RNA by selecting for the 3' polyA tract found on most 
; messenger RNAs using an iaffinity^^^^^ packed with oligo(dT) cellulose 
[Maniatis. sUl- e^- (1962) h Molecular Clonings Uboratory Manual], 
ip Complemehta^ DN/te are prepared frp^ tip polyA(+) RNA by 

: syrithesfeing flrst-stiBrtd bp^ Msjng the certaiytic activity of AMV reverse 
transcriptase and oligbWT) as prihne^^ g of re#Vmg total Rf^A). The 
product of this reaction is used to synthesize a second strand of cDNA using 
the specific RNA/PNA hybrid activ^ 6f Rhiase H (0.3 unltsAml) to generate 

jjHnjersand^u^^ ^ 

■ ; molecules is an 
; ? €^ RNA lyiptecules found in rapidly 

^ "9) repaired at their 
terrnlhiSsihgl4Phli^^ 

20 fttmhdfld EcoRl-KldtiS (lOO-fold molar excess) that are 

M?; ; :';bluii^^ and have a protruding, 

f 5 i : legated material was then 

i iil i ? s^ size are 

■I vv Maniatis. 

^ SThe^m^brl!^ ^ - 

iSl;S;d|sb^ibeiiiT:i^ fi9Hs;iigated'intothe EsoBl 

site of the cloning vbctor lam Wa ZAP" (Stratagene);USing a molar ratio of -1 :3 
f ; vr^ih$|^ ("''•5 million 

independent clonesj ?iS paq^^^ and ainplified in 14 separate 

36 fractions usinq^the^j^ 

| ^ fe:^^firafe^ clones. After 

contained 

I: -3 ^ sfee from <1 kb to >7 kb, 

• i^^iK^ iibrdry^is: popi^ Jsnriajl a the separate amplified 

3&; fraction techhrciues can facilitate 

/ f bcu.slrig on orte.M another: / = 
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B. Polymerase Chain Reaction (PCR) Detection of IGF-like cDNA Clones 

The deer antler tip cDt^A library fractions are screened by polymerase 
chain reaction (PGR): (Saiki. et al. (1988) Science 239: 487-491) for detection 
5 of deer IGF-I and IGFrll sequences. Since deer IGFs have not previously been 
cloned, the oligonucleotides used for amplifying IGF sequences are designed 
from IGF-I and IGF-II regions highly conserved among different species. 
Specific IGF-I and IGF-II reactions are carried out separately. The IGF-I 
reactions utilize a sense-strand IGF-I specific oligonucleotide (with the 
10 sequence 5'-CTGGATCCAGAGACCCTCTGCGGGGC-3'. [SEQ ID NO: 14]) 
and a downstream anti-sertse primer (with the sequence 
: 5'-CTGCGGAATTCAGeACTCATCCACGAT-3'. [SEQ ID NO: 15D that should 
^ •: prime both iGFI aridlGIF-ll sequ^ntes. the IGFII reactions utilize a sense- 
strand IGF-ll-specifIc primer (with the sequence 

15 J5'-AT<SGQ<3ATCCCAGTGGGGwU(3t6 ISEQ ID Na 16]) and the same 

..... The 




'I ^ ^ s^^ anti-sense primer had an 

^ i%:^fjiiift^ ^lectrophoresed. amplified DNA 

fcjroduct^of ttWexpe^ are obtained from IGF-I reactions from 

20v ie^ A single reaction, fraction 11, produces an lGF- 

■ 11-^ The IGF-I and IGF-II PCR products are specifically 

p^^ internal IGF-specific oligonucleotide (with the 

s^^uerice ^^TCT^ ISEQ ID NO: 
17)): All PCR experiments contain a single internal positive^c^^^ 

25 human IGF-I plasmid as template; this control has the potential for 

'■■ 1, but not the IGF-II, 




results^ 



C. Partial Nucleotide Sequende of PCR-amplified Deer Antler IGF-l-IIke 

> ; V \" ^ Ajspecifib is ampjifiedlrom several deer antler tip 

V :; ^ ^ciliil^ fraciiyi; The^S^ prbduprfrom 3 of the cDNA library 

V { F)^i^ subcloned 

35 into M^^ ^® '® 

: s^ieijed ijs^ ^''^^^ PfSSJjIatL 

AsaiSffl^^ through this 
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Short, relatively conserved amplified region of deer IGF differs from human IGF- 
I by a single nucleotide. The deduced amino acid sequence of the deer IGF-I 

PCR-arnplified clone is identical in this short region to human I6F-I (see 
Example 13). 

D. Cloning of a cDNA for Deer IGF-II 

Fraction 1 1 of the deer antler tip cDNA library is screened for the cDNA 
done detected In the PCR analysis. The IGF-II specHic sense strand 
: >10 oligcyiucleotlde used for PGR experiments is radlblabelled and used to screen 
-^^^ phage plaques frorh fraction 11. A single hybridizing clone 

; ; js detected, purified with one round of plaque purHlcation and rescued Into 
• p^^^^ this plasmld (pdlGFII) is subcloned 

into the EcqBI site of Mi 3mp18. Preliminiary nucleotide sequence at the 5' and 
A 15 S- temilni of the clone jridlcates that deer IGFrll Is highly similar, but not 
V S : identi^t. to IGF-II in hurnans, sheep and cattle in Its 5' and $' untranslated 
- : -S^^^^^^^i^^^^^ r^^^ through a portion of the 

&■ 1^ '^^^ sequence of deer IGFII Is 

f is a^ 

SSI ■^iS'-^ ^Si#^<?th^^^^ cpNA-sequences and ' 
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Table 6 

Comparison of cDNA and Amino Acid Sequences of Deer and Human IGF-II 

Deer AYRPSETLCGG 
IGFII GCT TAG CGC GCC AGT GAG ACC tTG TGC GGG GGG 
[Amino acid SEQ ID NO: 18. Nucleic acid SEQ ID NO: 19] 

Human GCT TAC CGC CCC AGT GAG ACC cTG TGC GGC GGG 
IGFII AYRP SETLCGG 
[Amino acid SEQ ID NO: 21, Nucleic acid SEQ ID NO: 20] 



Deer ELVD T LQFVCG 
IGRI GAG CTG GTG GAC ACC CTC CAG TW GTC TGT GGG 

H IGFII GAG CTG GITG GAC ACC CTC CAG TTc GTC TGT GGG 
E L V DTLQFVCG 

Deer D R G F Y F S R P S S 
I0RI GAC CGC GGC TTC TAC TTC AGC cGa CCa tCc AGC 

HIGFII GAC CGC GGC TTC TAC TTC AGC aGg CCc gCa AGC 
D R G FYFSRPAS 

.5- 

Deposit of Stra ins Useful in Praoticinn the Invention 

Deposits of biologically pure cultures of the following strains will be 
made under the Budapest Treaty with the American Type Culture Collection, 
10 12301 Parklawh Drive, Rockville, Marylandi The accession numbers indicated 
were assigned after successful viability testing, and the requisite fees were 
paid. . 

Access to said cultures will be available during pendency of the patent 
15 application to one determined by the Commissioner of the United States Patent 
and Trademark Office to be entitled thereto under 37 C.F.R. §1.14 and 35 
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U.S.C. §122, or if and when such access is required by the Budapest Treaty. 
All restriction on availability of said cultures to the public will be irrevocably 
removed upon the granting of a patent based upon the application and said 
cultures will remain permanently available for a term of at least five years after 
5 the most recent request for the fumishing of samples and in any case for a 
period of at least 30 years after the date of the deposits. Should the cultures 
become nonviable or be inadvertantly destroyed, they will be replaced with 
viable cultures(s) of the same taxonomic description. 

10 Strain/Plasmid ATCC NO. PepPSit PSte 

pdlGF-II 

MAbOT-2 HB 11014 Aprils, 1992 

15 . 

One skilled In the art will readily appreciate the present invention is well 
adapted to carry out the objects and obtain the ends and advantages 
rnentlon^d, as well as those inherent therein. The peptides, antibodies, 
methpds, procedures and techniques described herein are presented as 
20 representative of the preterred embpdirnents, or intended to be exemplary and 
hot intended as limitations on the scope of the present invention. Changes 
therein amd other uses will occur to those of skill in the art which are 
enconr^ the spirit of the invention or defined by the scope of the 

appended clairns. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 



(i) APPLICANTS Mundy, Gregory R 

Gutierrez, Gloria E 
Garrett, Ian R 
Sabatini, Massimo 
10 Izbicka, Elzbieta 

Burgess^ Wilson 
Crumley, Gregg 
Moore, Clarence 

15 (ii) TITLE OF INVENTION: Antler -Derived Bone Growth Factors 

(iii) NUMBER OF SEQUENCES: 22 

(iv) CORRESPONDENCE ADDRESS: 

20 (A) ADDRESSEE: Rhone-Poulenc Rorer Legal Department 

(B) STREET: 500 Areola Road 

(C) CITY: Collegeville 

(D) STATE: PA 

(E) COUNTRY: USA 
25 (F) ZIP: 19426 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

30 (C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patentin Release #1.0, Version #1.25 

(vi). CURRENT. APPLICATION DATA: 

(A) APPLICATION NUMBER: US 07/855,415 
35 (B) FILING DATE: 18-MAR-1992 

(C> CLASSXPICATipN: 

(viii) ATTORNEY/AGENT INFORMATION,: 
<A) NAME: Goodman, Rosemne 
40 (B) REGISTRATION NUMBER: 32,534 

(C) REFERENCE/DOCKET NUMBER: A0880 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: (215) 454-3817. 
45 , (B) TEi]^AX: (215) 454-3808 

(2) INFORMATION FOR SEQ ID N0:1: 

50 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(D) TOPOLOGY:: linear 

:55 (ii) MOLECULE TYPE: peptide;. 

(iii) HYPptHETICM*: NO . V ; 
(iv) ANTI-SENSE: NO . 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

Met Ala Gly Leu Gly Asp Glu Phe Gly Asp 
15 10 

5 

(2) INFORMATION FOR SEQ ID NO; 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 
10 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

15 (ix) FEATURE: 

(A) NAME/KEY: Modif ied-site 

(B) LOCATION: 12 

(D) OTHER INFORMATION: /note= "either I or D" 

20 (ix) FEATURE: 

(A) NAME/KEY: Modif ied-site 

(B) LOCATION: 8 

(D) OTHER INFORMATION: /note= "either A or V" 

25 <xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 

Xaa Phe Glu Thr Leu Phe Gly Ala Glu Asp Val He Ala Leu Gin 
15 10 15 

30 Phe Val Cys Gly Asp 

20 



35 



40 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 
45 (A) NAME/KEY: Modif ied-site 

(B) LOCATION: 11 

(D) OTHER INFORMATION: /notes "either I or G* 

(ix) FEATURE: 
50 (A) NAME/KEY: Modif ied-site 

(B) LOCATION: 15 

(D) OTHER INFORMATION: /note= "either D or Q" 

(ix) FEATURE: 
55 (A) NAME/KEY: Modif ied-site 

(B) LOCATION: 17 * 

(D) OTHER INFORMATION: /note= "either G or L" 
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15 



25 



•• • • 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 

Ala Tyr lie Pro lie Glu Thr Leu Glu Gly lie Glu Leu Val Asp 
1 5 10 15 

Thr Gly Gin Phe 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH:. 19 ainino acids 

(B) TlfPEs ainino acid 
(D) TOPOLOGY: 1] 



(ii) MOLECULE TYPE:, peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 

. 20 Ala Tyr Arg Pro Ser Glu Thr Leu Cys Gly Gly Glu Leu Val Asp 

.1 S", 10 15 

>->• . : Thr Leu Gin Phe ' 



(2) INFORMATION FOR SEQ ID NO: 5: 



(i) SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 70 amino 
. 30' (B) TYPE: ainino acid 

:; . : (D) TOPOLOQY: linear 

(ii) MOLEOniE T^ 



35 (xi) SEQUENCE N0:5: 



Gly Pro Glu Thr L^u Cys Gly Ala Glu Leu Val Asp Ala Leu Gin 

1 ■■ y;;;^-:.?:. . -10 15 

40 , Phe Var Cys Giy Asp Arg Gly Phe Tyr Phe Asn Lys Pro Thr Gly 

:;2 O'. •' •■ ; .25 . 30 

Tyr Gly Ser Set Gin Thr Gly He Val Asp 

45 " - ■•' v-^" j; -..:. 

Phe Arg Ser- C^^^^^^^^^ Met Tyr Cys. Ala Pro 

vr' -i-SQ; * - 55 .60 

Leu Glu Cys. Cyis; LysvP^^ Ala Lys Ser Ala 



(2 ) INFORMATION. FOR SEQ ID -NO : 6 :. ^ 



■■■■■■ ■■ i ■■. 
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(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Ala Tyr Arg Pro Ser Glu Thr Leu Xaa Gly Gly Glu Leu Val Asp 
15 10 15 

Thr Leu Gin Phe Val Xaa Gly Asp Xaa Xaa Phe Tyr Phe 
20 25 

(2) INFORMATION FOR SEQ ID N0:7: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 71 amino acids 
15 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

20 

.(xi) SEQUENCE DESCRIPTION: SEQ ID N0:7:. 

Ala Tyr Arg Pro Ser Glu Thr Leu Cys Gly Gly Glu Leu Val Asp 

1 ^ ^ 10 15 

25 

Thr Leu Gin Phe Val Cys Gly Asp Arg Gly Phe Tyr Phe Ser Arg 

20 25 30 

Pro Ser Ser Arg He Asn Arg Arg Ser Arg Gly He Val Glu Glu 
30 35 40 45 

Cys Cys Phe Arg Ser Cys Asp Leu Ala Leu Leu Glu Thr Tyr Cys 
^ 50 55 60 

35 Ala Thr Pro Ala Lys Ser Glu Arg Asp Val Ser 

65 70 

(2) INFORMATION FOR SEQ ID N0:8: 

40 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 67 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear . 

/ 45 . (ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Ala Tyr Arg Pro Ser Glu Thr Leu Cys Gly Gly Glu Leu Val Asp 
15 10 15 

5 

Thr Leu Gin Phe Val Cys Gly Asp Arg Gly Phe Tyr Phe Ser Arg 
20 25 30 

Pro Ala Ser Arg Val Ser Arg Arg Ser Ala Gly lie Val Glu Glu 
10 35 40 45 

Cys Cys Phe Arg Ser Cys Asp Leu Ala Leu Leu Glu Thr Tyr Cys 
50 55 60 

15 Ala Thr Pro Ala Lys Ser Glu 

65 



20 



25 



35 



(2) INFORMATION FOR SEQ ID N0:9: 



. (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 67 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:9t 



30 Ala Tyr Gly Pro Gly Glu Thr Leu Cys Gly Gly Glu Leu Val Asp 

1 5 10 15 



Thr Leu Gin Phe Val Cys Ser Asp Arg Gly Phe Tyr Phe Ser Arg 
20 25 30 

Pro Ser Ser Arg Ala Asn Arg Arg Ser Ala Gly lie Val Glu Glu 
35 40 45 



Cys Cys Phe Arg Ser Cys Asp Leu Ala Leu Leu Glu Thr Tyr Cys 
.40. 50 55 60 

Ala Thr Pro Ala Lys Ser Glu 

65 . 

45 .(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 67 amino, acids 

(B) TYPE: . amino acid. 
i50 (D) TOPOLOGTY: linear 

(ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10: 

Ala Tyr Arg Pro Ser Glu Thr Leu Cys Gly Gly Glu Leu Val Asp 
15 10 15 

5 

Thr Leu Gin Phe Val Cys Ser Asp Arg Gly Phe Tyr Phe Ser Arg 
20 25 30 

Pro Ser Ser Arg Ala Asn Arg Arg Ser Ala Gly lie Val Glu Glu 
10 35 40 45 

Cys Cys Phe Arg Ser Cys Asp Leu Ala Leu Leu Glu Thr Tyr Cys 
50 55 oO 

15 Ala Thr Pro Ala Lys Ser Glu 

65 



20 



35 



45 



(2) INFORMATION FOR SEQ ID NO; 11: 



■ (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEI»JESS : single 
25 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(ix) FEATURE: 
30 (A) NME/KEY: misc^f eature 

(B) LOCATION: 10.. 12 

(D) OTHER INFORMATION: /note= "CTN or TTR" 



(xi) SEQtJENCE DESCRIPTION: SEQ ID NO: 11 J 
ATCGCNGGNC TNGGNGAYGA RTTYGGNGAY 30 
(2) INFORMATION FOR SEQ ID NO: 12: 



40 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE. TYPE: cMA 



(ix) FEATURE: 
50 (A) NAME/KEY: niisc.f eature 

(B) LOCATION: 13. .15 

(D) OTHER INFORMATION: /note= "CTN or TTR* 

(ix) FEATURE: 
55 (A) NAME/KEY: misc^f eature 

(B) LOCATION: 34. -36 

(D) OTHER INFORMATION: /note= "GAY or ATH" 
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(ix) FEATURE: 

(A) NAME/KEY: misc^f eature 

(B) LOCATION: 40.. 42 

(D) OTHER INFORMATION: /note= "CTN or TTR" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
NNNTTYGARA CNCTNTTYGG NGYNGARGAY GTNGAYGCNC TNCARTTYGT NTGYGGNGAY 60 

(2) INFORMATION FOR SEQ ID NO: 13: 



(i) SEQUENCE CHARACTERISTICS: 
15 (A) LENGTH: 57 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

20 (ii) MOLECULE TYPE: cDNA 

^y" (ix) FEATURE: 

(A) NAME/KEY: misc„feature 
25 (B) LOCATION: 22.. 24 

(D) OTHER INFORMATION: /note= -CTN or TTR" 

(ix) FEATURE: 

(A) NAME/KEY: miscj eature 

30 (B) LOCATION: 31.. 33 

(D) OTHER INFORMATION: /note= •ATH or GGN* 

(ix) FEATURE: 

(A) NAME/KEY: misc.f eature 

35 (B) LOCATION: 37.. 39 

(P) OTHER INFORMATION: /note= "CTN or TTR" 

(ix) FEATURE: 

(A) NAME/KEY: misc^f eature 
40 (B) LOCATION: 43.. 45 

(D) OTHER INFORMATION: /note= -GAY OR CAR" 

(ix) FEATURE: 

(A) NAME/KEY: mis cofeature 

45 (B) LOCATION: 49.. 51 ^ 

(D) OTHER INFORMATION: /notes "GGN or CTN or TTR" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
GCNTAYATHC CNATHGARAC NCTNGARGGN ATHGARCTNG TNGAYACNGG NCARTTY 
(2) INFORMATION FOR SEQ ID NO: 14: 



55 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 




wo 93/19085 W ^.^.^^ ^ PCr/US93/02435 



to 



20 



50 



54 



(ii) MOLECULE TYPE: cDNA 

(xi) SEQtJENCE DESCRIPTION: SEQ ID NO: 14: 
CTGGATCCAG AGACCCTCTG CGGGGC 26 
(2) INFORMATION FOR SEQ ID NO: 15: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
15 (D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 



.(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
•.-•^ ' CTGCGGAATT CAGCACTCAT CCACGAT 27 
25 (2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 
30 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

ATGGGGATCC CAGTGGGGAA GTCGAT 26 
(2) INFORMATION FOR SEQ ID NO: 17: 

40 

(i) SEQUENCE CHARACTERISTICS: 

(A) LEl^TH: 31 base, pairs 

(B) TYPE: nucleic acid 

(C) STRANDEI^SS: single 
45 (D> TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
CTCTTCAGTT CGTCTGTGGA GACAGCGGCT T • 31 
55 (2 ) INFORMATION FOR SEQ ID NO : 18 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 amino acids 

(B) TYPE: amino acid 
60 (D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

Ala Tyr Arg Pro Ser Glu Thr Leu Cys Gly Gly Glu Leu Val Asp 
15 10 15 

Thr Leu Gin Phe Val Cys Gly Asp Arg Gly Phe Tyr Phe Ser Arg 
20 25 30 

Pro Ser Ser 



(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 99 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
6CTTAC0GCC CCAGTOAGAC CTTGTGCGGC GGiSGAGCTGG TGGACACCCT CCAGTTTGTC 60 
TGTGGGGACC GCGGCTTCTA CTTCAGCCGA CCATCCAGC 99 
(2) INFORMATION FOR SEQ ID NO:20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 99 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

'* - • 

GCTTACCGCC CCAGTOAGAC CCTGTGCGGC GGGGAGCTGG TGGACACCCT CCAGTTCGTC 60 
TGTGGGGACC GCGGCTTCTA CTTCAGCAGG CCCGCAAGC 99 
(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

Ala Tyr Arg Pro Ser Glu Thr Leu Cys Gly Gly Glu Leu Val Asp 
1 5 10 15 

Thr Leu Gin Phe Val Cys Gly Asp Arg Gly Phe Tyr Phe Ser Arg 
20 25 30 

Pro Ala Ser 
(2) INFORMATION FOR SEQ ID NO: 22: 



(i) SEQUENCE CHARACTERISTICS: 
15 (A) LENGTH: 14 amino acids 

(B) TYPE: cunino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 
P"^' (A) NAME/KEY: Modif ied-site 

(B) LOCATION: 8 
25 (D) OTHER INFORMATION: /note= "A or V» 

(ix) FEATURE: 

(A) NAME/KEY: Modif ied-site 

(B) LOCATION: 12 

30 (D) OTHER INFORMATION: /note= "either I or D" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22: 

35 Xaa Phe Glu Thr Leu Phe Gly Ala Glu Asp Val He Ala Leu 

1 5 10 
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What is claimed as new and intended to be covered by letters patent of the 
United States is: 



5 1. An isolated and purHied biologically active proteinaceous 

material comprising polypeptides containing the amino acid sequence 
selected from the group consisting of M-A-G-L-G-D-E-F-6-D. [SEQ ID NO: 1], 
(X) F-E-T-L-F-G-A/V-E-D-V-l/D-A-L. [SEQ ID NO: 22], and A-Y-l-P-l-E-T-L-E-G- 
l/G-E-L-V-D/O-T-G/L-Q-F. [SEQ ID NO: 3], or biologically active polypeptide 
1 0 fragments or sequence analogues thereof. 

. 2. The proteinaceous material of claim 1, comprising a polypeptide 
• substantially free of other proteins of deer origin. 

15 3. The proteinaceous material of claim 1 comprising a polypeptide 

having a molecular weight of from about 6000 to about 8000 daltons. 

4. The proteinaceous material of claim 1 wherein said polypeptide is 

■ Otr1. 

■20 ;■■ 

5. The proteinaceous material of claim 1 wherein said polypeptide 

■■isprr-2.;. 

6. The proteiriaceous material of claim 1 wherein said polypeptide Is 

3;-^a5;:;:;.OT-4. 

y- : The proteinaceous mat^^l of claim 1 which stimulates the 

proliferation of hum^: b433 stromal bdlls and human MG-63 osteosarcoma 

cells, , 

.•■ : . • ■ 

r r g. The protoinaceous material according to claim 5 having a specific 

acrtivify of at least aboUt^ 



9. The prbteinaceous material according to claim 5 having a specific 
35 activity of at least abpiit 9:4 x i O^ U/mg protein. 
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10. The proteinaceous material according to claim 6 having a specific 
activity of at least about 4 U/mg protein. 

11. A process for purifying a proteinaceous material of claim 1 which 

5 comprises: 

a. subjecting either an antler tissue extract or cultured deer 

cell conditioned medium to affinity chromatography; 

b. subjecting the biologically active fractions of step a to gel 

permeation chromatography, 
1(0 c. subjecting the biologically active fractions of step b to 

reverse phase high pressure liquid chromatography; and 
d. recovering said proteinaceous material in substantially pure fonn. 

12. An Isolated and purified biologically active polypeptide and 
,15 biologically active fragments thereof comprising the amino acid sequence 

selected from the group insisting of M-A-G-L-G-D-E-F-G-D, [SEQ ID NO: 1], 
(X) FE-T-L-F-G-AA/-E-p^V^^ ID NO: 22], and A-Y-l-P-l-E-T-L-E-G- 

l/(3-E-LTV-byQ-T-^#fe [SEQ ID NO: 3], purified by the method of claim 1 1 . 

' : 2Q 13. A prdcesis according to claim 11 for purifying OT-4 comprising 

14. OT-^ purified by the rrim^^ of claim 11. 

J ^5? • :: 15. /= An afrtlbody which bih^^ the proteinaceous material of claim 1. 

i 16. the ar^tibpdy of claim 15 wherein said antibody binds to an 
■ ' epitope of said prbtdjrtsiceoiii material ^ selected from 

the group consisting of M-A-G-L-G-D-E-F-G-^ [SEQ ID NO: 1], (X) F-E-T-L-F-G- 
: ; 30 AA/-E.D-V-l/D^Ai, [SEQ ID NO: 22], and A-Y-l-P-I-E-T-L-E-G-l/G-E-L-V-D/Q-T- 

17.; The antibody of claim 16 wherein said antibody binds to an 
; epitbiDe of OT-2. i 



35 



18, The antibody of claim 16 wherein said antibody binds to an 
epitope of Ot-4. ; 
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19. A method of treating osteoporosis in a human or other animal 
suffering therefrom comprising administering thereto an amount of the 
polypeptide of claim 1 effective to stimulate bone growth. 

5 

20. A method of treating osteopetrosis in a human or other animal 
comprising administering to an individual in need of said treatment an antibody 
which binds to the proteinaceous material of claim 1 in an amount effective to 
inhibit bone growth. 

10 

21 . A pharmaceutical composition for the treatment of bone disorders 
comprising an effective bone cell stimulatory amount of a proteinaceous 

' material of claim 1 . 

15 22. A pharmaceutical composition for the treatment of bone disorders 

comprising an effective bone cell growth inhibitory amount of an antibody 
according to claim 15. 



23. A cDNA encoding deer IQF-II. 
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